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Foreword

Due to the small number (32) and nonqb;rtinéncy of the reference

cards supplied, Tracor Jitco'performed & manual search of the following
sources to obtain additional data regarding the safety of sodium and

zinc hydrosulfite:

Chemical Abstracts, 1920-January 1973

FDA petitions

Food Codex

Comprehensive GRAS survey, NAS/NRC 1972

Toxicity Bibliography, 1968-current

Reports of the "Joint FAO/WHO Expert Committee on Food Additives"

Toxic Substances List, 1973 Edition (preliminary)

Survey of Compounds Tested for Carcinogenic Activity;
National Cancer Institute, U.S. Dept. of Health, Education,
and Welfare. '

Agricultural Statistics, 1972

Handbook of Food Additives, Chemicsl Rubber Co.

The search terms used were:

Sodium hydrosulfite

Zinc hydrosulfite

Sodium dithionite

Zinc dithionite

Dithionous acid, disodium szalt
Dithionous acid, zinc salt
Sugar manufacture

In addition, the following information gathering steps were taken:

&. A computer search was also conducted at our request by the

Toxicology Information Response Center at Oak Ridge, Tennessee. This

search covered:

Chemical Abstracts, Vol. 1-75 (1907-1971)

Biological Abstracts, Vol. 1-53 (1927-1972)

Advances in Food Research, Vol. 1-17 (1948-1969)

Excerpta Medica XXX (Pharm. & Tox.) Vol. 18-25 (1965-1972)
Nutrition Abstracts and Reviews, Vol. 1-41, (1931-1971)
Science Citation Index (1970-1971)



Medline 1969-1973 (Apr.)

Toxicon

CBAC Data Base, Vol. 15-1T(5) (1972-1973)

Biological Abstracts Data Base (1971-1972)

BioResearch Index Data Base, Vol. T1-73(1) (1971-1973)

b. The Sugar Information Center in New York City was contacted
but no information was available after a search.

¢c. Some information indicated that UpJjohn had conducted some
experiments on the toxicity of sodium hydrosulfite. We requested in-
formation from Upjohn but did not receive a reply. No other work had
been done on the subject.

d. The Manufacturing Chemists Association was also askéd for
information, but none was obtained.

Only a small number of additional pertinent references were found;

these are included in the bibliography section of this monograph.
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— ’ CHEMICAL INFORMATION

llllll SODIUM HYDROSULFITE

I. Nomenclature

A. Common names: none
- B. Chemical names: Sodium hydrosulfite, Sodium dithionite,
Sodium sulfoxylate
C. Trade names: Vatrolite, Lykopon
D. Chemical Abstracts Services Unique Registry Number: T77751L6
II. Empirical Formula
NapOySo
III. Structural Formula

NapS,04

. IV. Molecular Weight: 1TL.13
V. Specifications
Not available.
VI. Description
A. General characteristics
Sodium hydrosulfite is a free-flowing white to grayish white
crystalline powder with a slight characteristic odor.
B, Physical properties \
Sodium hydrosulfite is extremely soluble in water and slightly
soluble in alecohol.
C. Stability
Sodium hydrosulfite oxidizes in air (more so when moisture is
present) to bisulfite and bisulfate. It is stable in alkali but decomposes

in acid.



VII. Analytical Methods

A rapid, semi-quantitative method for detection of hydrosulfite
ion is presented by Sebo (44) 1in which a solution containing the anion
is spotted on a silver chromate impregnated paper. A change in color from
red to black indicates 82042~ and the test is sensitive to 1.0 Jg in a
0.0k ml drop. The sulfide anion (S2-) also gives a black spot, and of
those metals which form insoluble chromates, only mercury and lead are

reported to interfere.
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ZINC HYDROSULFITE

Nomenclature
A. Common names: none
B. Chemical nemes: Zinc hydrosulfite, Zinc dithionite
C. Trade names: Protolin Z
C. Chemical Abstracts Services Unique Registry Number: 777986k
Empirical Formula
OySpZn
Structural Formula
ZnS20)

Molecular Weight: 193.50

Specifications

Description

A. General characteristics -

Zinc hydrosulfite is a free-flowing white non-dusting powder
a slight 802 odor. (43)
B. Physical properties

Zinc hydrosulfite is extremely soluble in water,

Analytical Methods

See information presented for sodium hydrosulfite.
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BIOLOGICAL DATA

Acute Toxicity
A. Rats

Heyl and Greer (27) conducted a series of acute experiments on

vhite rats (strain, age, sex, and number not given). The results are
tabulated in Table 1. In these tests Heyl and Greer observed that
sodium hydrosulfite (83%) dissolved in water and injected intraven-
ously into white rats at dosages of 25-50 mg/kg BW produced no effects.
At 100 mg/kg the rats showed signs of labored breathing within a few
seconds after the beginning of the injection. This effect subsided
within 5-10 minutes and the rats appeared normal thereafter. At

150 mg/kg the rats showed signs of suffocation. At 210 mg/kg, dyspnea
became acute and the rats "doubled up" with convulsion within 3-5
minutes. This effect subsided within 8-10 minutes and there were no
delayed symptoms.

B. Dogs
Bond and Gray (07) administered orally as much as 1 g/kg BW

sodium hydrosulfite to dogs (age, sex, and number not given) without
any apparent injurious effect. No details of the experiment were
given.

Short-Term Studies
No information on the short-term toxicity of sodium or zinc
hydrosulfite has been found in the literature.

Long-Term Studies

No information on the long-term toxicity of sodium or zine
hydrosulfite has been found in the literature.

Special Studies
Mutagenic Tests ,
Prozorov (40) studied the effect of sodium hydrosulfite on the
mutation rate of the unstable strain of Bacterium Prodigiosum. A

stock strain of Bacterium Prodig;psum was grown on agar with 1%
glucose. Sodium hydrosulfite (0.05%) was added to the agar and the
mutation rate per generation was counted. Sodium hydrosulfite was

found to decrease natural mutagenesis (see Table 2).



Table 1. ACUTE TOKICITY

(27)

(Injectea, white rats, sex and number not specified)

SUBSTANCE DOSAGE
and mg/kg
PURITY* Body wt. OBSERVATION
Sodium
hydrosulfite 150 Not fatal
(83%) 180 Not fatal
210 Not fatal
240 Fatal in 5 min.
(83.5%) 100 Not fatal
125 Not fatal
150 Fatal in 7 min.
(28%) 50 Not fatal
100 Not fatal
150 Not fatal
200 Fatal in L4-10 min.
(14%) 200 Not fatal
300 Not fatal
325 Not fatal
350 Fatal in 4 min.
Unspecified 25-50 Not fatal
Purity 100 Not fatal
150 Not fatal

* Purity is measured by % of theoretical reducing power;

(see original paper for details of determination)



Table 2. Mutagenic Tests (40)

Rate of mutation per generation

Size of Sector Control Sodium hydrosulfite
1/2 10,0 + 1,6 0,8 + 0,35
o= 3,2 g=1,1
n=20 n = 36
1/h 7,6 + 0,8 0,7 + 0,23
6 = 1’6 d = 0,7
n=20 n = 36
1/8 ' 6,7 +_0,8 0,7 + 0,13
o=1,7 - ¢ = 0,U5
n =20 n = 36




BIOCHEMICAL SECTION

I. Breakdown

Sodium hydrosulfite will oxidize to sodium bisulfate and
sodium bisulfite in the presence of air, and moreso when moisture
is present (49,43 ). In dilute solutions, hydrosulfites tend
to break down with the formation of S50, and colloidal sulfur :( s5q).

Irvin Stone (50 ) has examined the use of sodium hydrosulfite
for the removal of dissolved oxygen in beer in combination with
sodium isoascorbate. The hydrosulfite-isoascorbate complex formed
contained 25% sodium hydrosulfite and 75% sodium isoascorbate. The
isoascorbate stabilized the hydrosulfite ion so that the rapid
production of SO; and colloidal sulfur is not observed while the
solution retains its antioxidant properties.

Under the conditions of PH, temperature, concentration and
other factors existing in the treatment of beer, the reaction of
hydrosulfite with molecular oxygen proceeds according to the
equation:

NagS0) + 1/2 Op + Hp0 — 2 NaHSO4

as given by Stone.

Expecting the production of sodium bisulfite to lead to an
increase in the amount of SO, in beer, Stone ( 50) tested for such
an increase. Beer to which 4O ppm of the hydrosulfite-isoascorbate
complex was added showed & free 80, concentration of 0.8 ppm, an
increase of 0.5 ppm over 0.3 ppm free 80p found in untreated beer.
Table 3 shows the effect of storage on SO content of beers treated
with the hydrosulfite-iscascorbate complex.

Table 3 (50)
EFFECT OF STORAGE ON SULFUR DIOXIDE CONTENT OF BEERS

v Added Air B “I'ree” Sulfur Dioxide
Vi Bithionite- Content 1 2in
Ne Consenrbate of Bottles Tnitial month months

1"pm ml/12 oz ppm ppm ppm

None 1 1.8 1.0 0.7

A 1 4.6 3.0 1.6
o None G 1.2 nit nil
40 0 Ot 1.0 0.5



Stone ( 50) also tested for the rate of disappearance of any
unreacted hydrosulfite remaining in the beer. In general, he
found that at above the freezing temperature of beer, the hydro-
sulfite is unstable and rapidly changes to sulfite. Table L4 shows
the effect of temperature and storage time on residual hydrosulfite.
Figure 1 graphically displays the disappearance of hydrosulfite from

beer at varying temperature.

Table 4 (50)
THE DITHIONITE ANION IN BEER OF MMFFERENT TEMPERATULRES

Rosirlu:\[ .\'od_ium‘_I)ith‘innite l-‘um_u! )

/}dd_cd= I;lllvllt"(“ﬂi\(!l}:
ﬁm!nnyl Storage after After After After Afltor
Dithionite Temporatore Addition 1 day 2 duys 3 days 1week 3

Beer _ ppm C pphm ppm ppm ppm Iy
Unpasteurized !’1jg}fil¢}~1:ef<} _prr_ V » o

A 29 0 0 8.5 T.h 0.5 1.0

A 20 10 1] 5.0 1.5 0.0 0.0

A 29 30 9 0.9 0.0 — —_— .

B 29 ) 0 11 9.0 8.0 6.5 5.0 I

B 29 10 11 5.0 15 0.0 0.0

{’- ,33 38 11 0.0 0.0 — —- .

M 3 14 13.0 11.0 10.5 7.5 V5

¢ 39 .10 14 9.0 5.0 0.0 0.0 0
»__L; . ) 49 30 14 0.0 0.0 -_ -2 -

Immediately ) - )
. after

_l_’ﬂf;&g}ir_ggm‘l Pasteurization

A 29 0.0 0.0

B 29 0.0 0.0

C 39 0.0 0.0
*Added as a mixture of Na Dithionite.Na Tsouscorbate (Isonn) 25 75, T T T -

Figure 1 (50)

Average time of disappearance o dithionite anions from beer.
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Absorption and Distribution
There is no information in current literature concerning
the absorption and distribution of sodium or zinc hydrosulfite

in animals or humans.

Metabolism and Excretion

There is no information in current literature concerning
the metabolism and excretion of sodium or zine hydrofulfite in
animals or humans.

Effects on Enzymes and Other Biochemical Parameters

A. In Vitro

1. Basu and Chakravarty (04) studied the inhibiting effect
on sodium hydrosulfite on the enzymes trypsin and papain.

Trypsin, in the presence of cysteinzas activator, was sub-
Jected to 1/4000 concentration of sodium hydrosulfite at 37°C, pH =
8.6T. After one hour, peptone was added to the solution, reducing
the sodium hydrosulfite concentration to 1/10,000. No inhibition
of peptone hydrolysis was observed after 35 minutes, while 7%
inhibition occurred after 65 minutes, showing that the absorption
of sodium hydrosulfite on the trypsin surface was very slow and
unappreciable for the first 2 hours.

Similarly, papain, also in the presence of cysteimcas activator,
was subjected to a 1/4000 concentration of sodium hydrosulfite at
37°C. The solution was at PH = 5. After one hour, gelatin was
added reducing the sodium hydrosulfite concentration to 1/10,000.
No inhibition of gelatin hydrolysis by papain was observed after
2 hours.

2. Meerson and Shleifer (38 investigated the effect of
sodium hydrosulfite on the hydrolytic activity of the pancreatic
and hepatic lipases. They found that sodium hydrosulfite did not
inhibit the hydrolytic activity of lipase. No details of the

experiment were given,



3. Myers and Slater (39) found that in aged and frozen
mitochondrisa, sodium hydrosulfite produced marked activation of
ATPase between pH 6 and 9. Maximum stimulation was observed at
pH 7.5 with 10-3 !_Naaszoh. At pH above 9, ATPase activation by
sodium hydrosulfite was neglijgible, even when the concentration
of the hydrosulfite was increased to 10~2M.

There was no activation of ATPase activity in normal mito-
chondria in the presence of 10'h§_DNP. However, the authors note
that the experiment was not conclusive since the hydrosulfite
changed the color of DNP from yellow to orange.

The effect on ATPase by sodium hydrosulfite was not observed
in other reducing agents, including glutathione and ascorbic acid.

k. Caldwell and Seegers ( 11) tested the effect of sodium
hydrosulfite on the activity of thrombin, prothrombin and autopro-
thrombin C. One part of the hydrosulfite was mixed with one part
of the protein so that the final concentration of the hydrosulfite
vas 0.05 M. An aliquot was taken immediately and the ectivity
determined. The value found was taken as 100% activity. The
mixture was then kept at room temperature and the activity tested

again after 2 and 24 hours. The results are shown in Table 5.

Table 5

Effect on the Activity of Prothrombin,
And Autoprothrombin C by Sodium Hydrosulfite ( 11)

Prothrombin Thrombin Autoprothrombin C
2 hrs 24 hrs 2 hrs 24 hrs 2 hrs 2 hrs
% Activity 24% 2k% 90%  25-50% 2hg 2Lz

Remaining

5. Several workers studying the kinetics of hemoglobin
deoxygenation have used sodium hydrosulfite ( 33, 12, 24 ,5 ).
Legge and Roughton ( 33) found that at pH 6.8 the dissociation of oxy-

hemoglobin in the presence of 0.1% sodium hydrosulfite occurred in two

10



phases. A rapid dissociation from 100% 02Hb to 20 + 10% 0,Hb,

considered a direct effect of oxygen uptake by the hydrosulfite,
and a slower phase which the authors considered to be an effect
of the hydrosulfite oxidation products acting on the hemoglobin.

S8irs ( 47) extended the work to the study of the rate of
egress of oxygen from sheep erythrocytes. Placing the whole
erythrocytes in a solution containing 0.075-0.35mM sodium hydro-
sulfite, at 10° the rate of diffusion of oxygen across the membrane
resulting from hemoglobin deoxygenation was observed. Sirs quoted
others ( 33) as having shown that the membrane is impermeable to
the hydrosulfite ion thus ruling out direct interaction of the
hydrosulfite with 02Hb. He suggested that the hydrosulfite kept
the effective level of 0p outside the cell membrane at zero,
resulting in dissociation of oxyhemoglobin in the erythrocyte
and diffusion of the oxygen across the cell membrane.

B. In Vivo

Raunio and Lilius studied the effects of sodium hydrosulfite.
on enzymes in vivo using Escherichia coli ( 41). When sodium
hydrosulfite was added to the growth medium at a concentration of
5> mM at the beginning of the logarithmic phase of growth (when the
specific activity of isocitrate dehydrogenase is highest), the authors
found that there was no decrease in isocitrate dehydrogenase activity,
even 18 hours after addition.

When sodium hydrosulfite (5 mM) was added to the medium at the
beginning of the logarithmic phase, the specific activity of leucine
aminotransferase did not rise as high as in untreated controls. Under
normal conditions, the specific activity of this enzyme is highest
at the end of the logarithmic phase, and decreases in the stationary
phagse. Later addition led to a sharp increase in activity followed
by a decrease, though not as marked as in normal growth.

In testing the effect on NADH oxidase, sodium hydrosulfite
(5 mM) vas added to different cultures at different points on the

growth curve. It was added to one culture at the beginning of the

1l



logarithmic phase, to another during the logarithmic phase,

and to a third at the end of the logarithmic phase. The
specific activity of the enzyme was found to be lower in all
three instances, though the difference from the normal was less
when the addition of the hydrosulfite was later.

The specific activity of alanine aminopeptidase did not
decrease at the end of growth in the normal culture. With sodium
hydrosulfite added at 5 mM, the specific activity of the enzyme
decreased for a short time, and then increased. When the hydro-

. sulfite was added at the beginning of the stationary phase,

there was no significant difference in activity from the normal.

The authors concluded that when sodium hydrosulfite was added
to the culture medium before the synthesis of a particular enzyme
was proceding at its maximal rate, the activity of the enzyme
remains lower owing to inhibition of its synthesis by the
hydrosulfite.

Drug Interaction
A. Bacteria
Bondi, et al. ( 08) showed that sodium hydrosulfite reduced
the bacteriostatic activity of streptomycin on Escherichia coli.
At a final concentration of 0.05% sodium hydrosulfite in tryptone
broth, 16 units/ml of streptomycin was necessary for inhibition,
compared to 2 units/ml in the tryptone control.

B. Dogs

Bond and Gray ( 07) experimented with sodium hydrosulfite in
acute arsenic poisoning. This was based on previous findings by co-
workers that sodium hydrosulfite, if given immediately following the
oral administration of a fatal dose of mercurio chloride, would
save the animal,

Healthy dogs, after a 24-hour period of starvation, were fed
1 ml/kg BW (twice the minimal fatal dose) of potassium arsenite
solution orally. This was followed by the administration of 100
mg/kg of sodium hydrosulfite in the form of a 10% solution, which

12



vas followed immediately by 25 ml of N hydrochloric acid. Only
- those dogs given sodium hydrosulfite immediately (0-5 minutes)
after the poisoning survived (see Table §).
Dogs fed 0.75 ml/kg of arsenic solution and treated with
100 mg/kg sodium hydrosulfite within 10 minutes of the poisoning
survived (see Table 7).

,,,,,

Table 6

Results Following the Immediate Use of Sodium Hydrosulfite in Poisoning
from the Oral Administration of Potassium Arsenite Solution (07)

Solution of

Potagsium Sodium
Weight of Arsenite-U.S5.P,., Hydrosulfite
- dog kg ml/kg mg/kg Result
10.1 1 100 Survived #
T.27 1 0 Died, 8 hours
5.0 1 100 Survived *
6.6 1 0 Died, 9 hours

* If animal was living at the end of two weeks, it was reported as survived.

The authors believed that if the dogs had food in their stomach,
absorption of arsenic would be delayed to an extent that the period of

sodium hydrosulfite's effectiveness would be prolonged. Although the
"""" authors did not recommend the use of sodium hydrosulfite in place of
gastric lavage for the treatment of acute oral arsenic poisoning, they
did suggest that immediate administration of appropriate amounts of
sodium hydrosulfite following arsenic poisoning may render the arsenic

unabsorbable until thorough gastric lavage can be effected.

13



Table T.

Results Following the Use of Sodium Hydrosulfite in the Treatment

of Dogs Poisoned by the Oral Administration of Potassium Arsenite Solution (07)

Arsenic Sodium Time
Weight Solution Hydrosulfite, Interval in Result :
kg ml/kg ng/kg minutes 24 hours
12.2 1 none —— Dead
12.4 1 none — Dead
10.8 1 none —— Dead
4.37 1 none —— Dead
1k.0 1 100 30 Dead
13.5 1 100 30 Dead
5.0 1 100 30 Dead
3.45 1 100 30 Dead
4.8 1 100 .75 6 days
5.1 1 100 Lk,25 Survived
15.8 1 100 3 Survived
3.75 1l 100 3 Survived
10.3 1 100 10 Dead
11.7 1 100 10 Dead
13.7 1 100 10 Dead
11.4 1l 100 9.25 Dead
k.o 0.75 none —— Died, 48 hours
3.86 0.75 none —— Died, 8 hours
3.8 0.75 none ——— Died, 24 hours
6.05 0.75 none ——— Died, 24 hours
8.9 0.75 none —— Died, 24 hours
10.9 0.75 none e Died, 24 hours
1k.6 0.75 none - Died, 24 hours
18.7 0.75 none — Died, 24 hours
5.7 0.75 100 5 Died, 36 hours
6.1 0.75 100 5.75 Survived
13.05 0.75 100 6 Survived
10.3 0.75 100 6 Survived
8.07 0.75 100 6 Survived
8.7 0.75 100 6 Survived
8.5 0.75 100 10 Survived
8.4 0.75 100 10 Survived
6.9 0.75 100 10 Survived
8.3 0.75 100 10 Survived
8.68 0.75 100 10 Survived
T.7 0.75 100 15 Died, 24 hours
T.9 0.75 100 15 Survived
8.5 0.75 100 16 Died, 24 hours
5:3 0.75 100 16 Died, 24 hours
3.66 0.75 100 20 Died, 48 hours
4,1 0.75 100 20 Died, 24 hours
6.7 0.75 100 11 Survived

1k



VI.

Consumer Exposure
Sodium hydrosulfite has been shown to be effective in the

prevention of melanosis in frozen and ice-stored crustaceans. In
the study on board trawlers, ( 15), it was found that crustaceans
kept under ice were free of melanosis after 9-18 days when immersed
in & 7-15% solution for 3-15 minutes. Where crustaceans were frozen,
immersion for 2-5 minutes in 3-7% solutions before freezing resulted
in no melanosis after 5-13 weeks.

Stone ( 50) has shown thet a solution containing 25% sodium
hydrosulfite and 75% sodium iscascorbate is effective as an anti-
oxidant in beer. When the mixture was used at a level of 40 ppm,
the hydrosulfite effectively removed all dissolved oxygen and had
a strong effect in lightening the beer. No residual hydrosulfite ion
was found in the finished beer because of its instability above
freezing temperatures.

No data was available on the extent of usage of sodium hydro-
sulfite in either of the above food processes.

The literature searched contained no reference to zinc hydro-

sulfite in food procesiing.
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Fction of Dyestufis and Naz'cstics on Prcéeo!ytic
- m
Ly

By J’ aLiraba Dasu arp Ramauanta CHARRAVARTY.

The purification of mnn} enzymies bas resched o very high slage

nzyviaes like vreace (Summer, J. Biol Chem.,

thiep, J. Gen, Physicd,, 1030, 13 739
i

C .
e oblained in the pare ervsiatime

and in the
1026, 65 4
767, i

e censtilotion of the @azymes.

fulion and wode of neiion of e enzymes

or groups i the

cueynie eouid be determined. Toxie welions of subsiauces of kuown
straclure on oo cuvdine would give us sume informaticn whout the
nabuve of the aclive group in the latter. tioclions in this Bine
Linve boen bognu Ly Beninnn wnd Sehadier (2., plgsiol Clicwe . 1981,

[ v

it R H
DO G

s of thie {ypo plhensiphibaicin, bromo-
Grustel (Biochem,

Q203 . aga on
628, 848; 1022, ¢, WcJ bas tricd the
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100, 1w vl ooz

11,
{

)
i
1
Jatit, Clin L

wve aloxic action on lipuse.

activn of a series
fumuarese snd uresse,
iimited

Tt shonwdd thus be possible {o distinguish

b
H

i generelly the Lh.uu‘:u{; netion of the dyestulfs is
8

apparenliy elesely reluled enzjues like the differant protel
pases, poiypeplidazes, ete., by Ldiing advantage of the specifie loxic
zetion of the dyestulls, :

observalion on the action of dyestufis on proteolviic
J., 1923, 17, 851) who

type precipituled the proteciviic

Letween

The fist
azymes wag made by Marmston (Disclicm.

{ox 2a kel dyer of the safrenine

cuiymes, the precipitates being proteolytically aclive.
The purpose of the present invesligalion is to allempl to clucidale
1e. nature of the proteolytic enzymes, trypsin

i and pepain, by {rying
lic aelion of o levpe number of boci

i
L and ocidie dycctuffe and also of
rcuic narcobics. '

EXPERIMENTAL,

It is kmown that the bydrolylic netion of the. enzymoes, trypsin and
pepnin eonrists in the breaking vp of the —CO = NII— linkage and the

woos determined by estlmuding the wmine- nmu"en

1

rd
-~

>

s, 4

o v o h
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The method was to determine the amount of hydrolysis in cerizin
sroduced by o definite weight of the cnzyme in a sub‘stnue
{ {hiz with the amount of hydrolys

the enzyme after the latter had been

f n dvestuff al s concentration of 1/2000 or of
C atien of 1/4000 for wn hour. The concentra-
the dyestuff wos 1/3060 and of the norcotic 1/10,000 in the

(ke peptome) and
1

prmn.c:‘a by th

and basie representative
The names of the dyes

large number of aeidic

. 1 1 . P
vent goriee o Locn ,H‘ G.

are given in tLr rdﬂv'.n\ tubles.

The Inhibiting Aclion of Byresfafls on ’Ir_jrsm

iocoode trypsin by

The enzyme maforidd
by the nome of

Mes<is, Cornick & Co, 3 :
Cyebin. neviralisad ot Lrought up to the desired po,

“Trypaogen”.

was used thros x:’hm:i es an aciivator (cf. Grassman, Z. physiol.
Chfm , 1050, 486, 183).  Phnsphate buffer /pn8'67) was used in these
experiments. ' '

02 G. of trypsozen dissol"cd in water and 0°06 g. of cystin dis-
eived in a minimum quantity of NaOT solution and brought to the

siecd pr (8°'87) with HC! sclution were transferred to a 25 c.c.
mersnring fask. 2 C.e. of phosphste buffer of pu 867 and 2 c.c. of the
dye solution were also added {o the fusk. The concentration of the
dyesiuff in the flask was now 1/2000. The measuring flask was then
allowed to siay for an hourin a thermostal ot a temperature of 37°¢
so that the enzyme was st ubjected to the action of dyestulf  After
this period 5 c.e. of u peptone snlution thal was previ usly brought
up to pu 8°67 were added quickiy to -the wmeasuring flask and the
volume msde up to 25 c.c. with water. The concentration of the
dyestuff was now 1/5000. 49 Solution of the peptone was used. This
peptone solution and water were also kept in the thermostat to
acquire the same temperature as the solution, i.e., 37°. Now 2 c.c.
ol the solution were withdrawn from the flask and allowed to run iato
the renction chamber of a micro-Van Slyke apparatus and the NI,-
nitroger determination made in the usual way (Van Siyke, J. Biol.
Chem., 1015, 23, 407).  The volume of {he nitrogen in the burette

was neted,  The weaswring fiagk with the solution was kept in the

-~
el
IS
v
4
3
El
-
&
by
e
fas
£
1
j=N
<

same

ihensostad at the

70



84 : K. P. BASU AND R. CHEAKRAVARTY

L}

de eter cincticn with 2 e.e. was mede &fter €5 minutcs of the firad
determinaticn. A third determinction wes mede afler an hour.

Blank experiment was done without the ;yes‘;u&' and
determination was made from time

Tazswe I

Percentage inhibition of hgdrolysis of peplone with trypsin

by dijferent dyestuffs.

pa =&C67. Temp.=357°

Basic dyestufls 11/2000). % Ichibitios, Basic dyestufs (1/2000). % Inkibiticn
Brilliznt gresn 18 Toluilice blue 38
Mjlachits green 0 Japus green 6
Methyl violet 1g Neutral red u
Crystal violet 0 Chryssid 26
Etbyi violet 21 Pyronine » 19
Gentian viclct 0 Methylene viclet 22
Bigmarck brown 16 Salrepine : 0
Methyiene blus : 0 Auramice 23

Acid dyestufls '1/2000). % Inkibition. Acid dyestull (172000). % Iokibitien.

Erythrosin 26 Solabie biue 16
Eosin yellow pat] Congo red 33
Eosin bluish 28 Bcnzopurpufin i}
Acid green ) 20 Orange G. 6
Acid fuchzin » 36 Cyanin chlorie . B |
Water blue 9 Heameotoxylin 30

(&}
(o}
N
&
<s
e
§:
<
2.
[}
N
=

~—it would appecar from ebove that some basic und ali

[ 1 ~ P P - . .

ezidie dyesius ore toxic {o trypsin ot pr §°07 and ab a concentiation
annn 3 - e, .

of 1/2000. It must be cbserved, however, that the inhibition, never

onls 353 pad ey venchee 160010 1 :

exzeeas 3Y%  end im me eoue renches 1069, ihob was chocived

From

hE A

R A v - e S T A 4D

pa e

ACTION OF DYHESTUYFS ON PROTEOLYTIC TNZYMES 85

in {he case of the dechydrogenase, fumarasc and urease studied by
Quasiel. Ttis reascnable to suppese {hai the inhibiting action of
dyestufls is Cue to bheir combination with the enzyme and the enzyme

trypsio. therelore, musi possess boik aeidie ¢ ind basie groups eud have

o

amploteric [tlU:lClLlh"\ Iz this, trypsin resembles lumaorase on which
dyestufis exert toxic action and differs irom
L 'z inhibited by basie dyvestuffs

buth acidic

,'!.:,i-.-r!r,;cnhn;."

aleme {Quastel. loc. cit.).
There is. kowever, 3 marked specil

icity in action both among the

dvesiufis and dyestuffs belonging to the same scries
Thus of the basic dyestuffs of the

g achite grcen, crystal viclet and gentian

ction, while briiliant green, methyl viole$, and

ethyl vislet inkibit almost to the emne extent. The acid dyestufis of
t

ciphenylmethane series (acid green, ecid fuchsin, water blue,

J
.

soluble blus, arve all toxie. Methylene blue isinery while toluidine
biue exerts the highest toxic action amengss the basic dyestuis.
Safranine is, as was found by Marston, inert but methylene violet is
toxic. Similar behavicur was also observed by Quastel in his investi-
gations, who found, for instance, neuiral red inert but Janus green

toxie, crange 3. inert bub congo red highly toxic towards fumarase.
It will thus be seen that Lhe slructure of the dyesiufl moiecule is

also en importent factor in deferming its toxic action.

Dycstuffs and Proteolytic Action of Papain.

Papain differs from trypsin in having a pu optimum (pa5°0) quite
differcm from that of trypsin. The action of all the above dyestuffs
as tried on papain. Ezxzperiments were done both with Merck's
papain (Succus caricac Papayae Siccalus) and also with & sample of
I‘a bain prepared by us from the fresh milky juice of the carica papaya.
This wes done by extracling the dried juice with water, cenlrifuging
and precipitulicg tbe clear liguid with aleckol. The precipitate was
freed from alechol and was found to be about three tlmes more active
thun the Merck’s preparstion.
© The zetivation of the cnzyme was affecied by cystein, eystin being
mert in this cese (vide, Grussmenn, loc. ¢it.). The reaction was caorried
at pr £, Gelatine wes used as tbe subsirate.
024 of M Len, A 0'1M sclution of eystein

e A1 §+1. Tyqde, Rarey JoA IS - ey
vwor propored exd 1e.c. of the sclution was edded to the papein solo

Terex’
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Efd 1 fye 2y
tion for activation. Citrate bLuffor (rr 30} was used. The eystein

sGlulsn was broas

4o the same pe he :

oem was bios v o the same po by adding allall solution in
TONS. e onli-{ e ‘ el ont I

oy uc' solulion of papain, eysfein (i c_c.\ and {the dyestuff (2 c.e)

Laid

-CLIneasur

S

' I allowed
ran hour in the thermeefal  af ‘3‘7" The coneeniralic
, o atoo . He ORCenLravion
z,,»f the d ’estz,‘.ff wus 172000, Jus! before ¢ o,
A § LU SRVE NI 18] fore he reaction 10 c.e. of u 3(/‘\)

Toad tmmn od ae. Mo o -
O1L0n 4t Zu_} 0 WUS ‘id(ltd te {.“Q “‘;e'u‘s””'ilf.f

ard the
fer, the femperniure of waler

C.owith vy

. ‘; ‘*'!C’lsl‘:zj '\‘C.\‘f_l”.; I :')’70 IS 0N S iy -
: g ed Do e conecniration of the dyesiuff was
nov 1;;,C.-Ot) Zoees ol the minture wor §
; , - mlure were solysed jn the
Ven Sivke appares s, cocond o :
PODL B -, Ca JRNEN Fs O ONG Glern H
apparatus. A second delorn vion was made after aahour

e .
of {he ﬂ s resetion.  The finad delorming: on was made ofer 2 hours
IR RS Oy Wuld.

the case of Inberalory fain O i
Papain 008 go wae tzxken m each

1

r(r',("\c';‘ﬁ". O TSt v ' 1 Y
viom, The resulis are .wmm:msed in Table IT.
Tavry II.
Fercontage inhivition dyosiuff (inie Tiyd
itage inkidition by dgesiuffs of gelatine Ludrolysis by pagain
ro=5 0. Teiap. =27°.

o -
/ Iohibiticn
/o InL,omm.

_\;‘cr«‘a 5 Iiopured Bisic dyestuff, Prep
paptin. papain, (172000) l}rcr,_;;lxl]ed
Briiliaznt areen 5
ilant gree 5 6 Toluidi ]
dioluidive blue ¢ 4
Melachite green 1 3 Junus creeu 1~
. IS . - 5
Methrl violet 4 N -
) 2 4 4 Neatral red 4 2
Etiyl violet i i
¥ 11 2 Chiryasoidin 95 9
(zeutian violet j i
1 G Parenin 3 g
I:}.:.:,..A,I.j,-- :
Sistoarek browo 3 4 Methylenc violet 9 4
Meilylone blue G 3 Safranin 1 5
2fran 3
ALurainin 6
s n i c i 2
Acid dyestaffs (1 /2000) }
rviliensg 4 3
Frythresin 5 16 Solubie biue 2 6
L}
Doein veliow
Eosiz veliow 5 a Cengoe red i8 1
Fozire bleizh 13 ¢
lenzopurpurin 13 12
Aoid rpne
Leid groon 1 6 Crystal zearlet b 16
Aoid fuchs’n 5 .
9 Orange 6, 12 2
T e )y, o
oI e 2 5 i lori
4 Cyanin chieride 39 6

Hreweloxyiin

<

BT el o ¥ TN,

Motias s 3 S o
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The above tuble mukes it clear that as in the case of trypsin both
aeidic nnd basie dyestufis are foxie showing the amphoterie nature of

of aefion amongst dyestuffs of the same
Thus Jenus greenis fairly {oxie while

it the importanec of the strueture of a

: M,
'5'“!“’“}“‘ I‘lu‘ 8

voriss v 4o be ebserved hmxn

v e f + .
weniras ved is inerl. Iore uz
dyvestud in determiining its toxice action is apparer

One fael, howover, fovies iteelf upon our cbservation.  The dyes-

4o he less lexie downrds the purer laboratory  preparation
sin towards the fess active nnd therefore, less pure Merck’s

Dservations have been waade by Quastel (Biochem
dyvestuffs on ureasc,

26858) su his stady of the aelicn
{ in Mercl’'s preparation,

Crystal <c;‘z‘1<:-'; alotie is 1aore toxie towards the purer preparation.

Quastel aizo found neutral red and Jwius green micre toxie towards the

The Action of Nru'fofic.“ on the Proicolytic Enapmes,
Trypsin and Papain.

Alihouzh there ar
on the Sehardinger enzyme snd  succinie dehydrogenase by Sen
{(Digelom. J.. 1981, 10 and on bramm debydrogenocse by Quastel
fitid., 1052, 26. 1072) no data are wvall able on the action of
nureotics on proteciytic enzymes.  The inlibiting cffeet of narcotics on
renctions is supposed to be due to the preferential adsorption
of these substanees on enzyine surfaces and  the reaction velocity is
diminished owing to the displucement of the subsirates from the
enzyme surface by ihe narcoties (Warburg, Biockem. Z., 1921,
119, 134},

"The netion of ke narcoties, diethylurea, ethyl uretbane, phenyl
ureibane. voniilin and also of the following substances, catechol,
pyrogaliol, gallic acid and sodium hydrosulphite on trypsin and papain

J
Las Leen tried in order to find out if it might throw some light on

no
o
q:

enzymic

{he nature of the enzymes.

Carmick’s “Trypsopen’’ end papain prepored in the laboratory by
us were vmpiuwd The same procedure was employed as in the case
wfe with the difference that the eolution of the dyestuff wes

sLuly

the same volume of a solution of the nareotic. The enzyme
> H as ani ayontt
see of the ectivator was subjecied to the aetion of the nareotle

«« some observalions on the effeet of narcoties

70
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ut 4 coneentration of 1/4000 for an hour and when finally the substrate
solution was added und  the reaction mixture was made up to 25 e.c.,
the concentration of the nareotie feli to 1/10,000. The results are as

followas.
Yapre 1I1. TapLe IV.
Perceniuge ihibition by wircofies Percentuye inhibition by narco-
of peptane hydrolysis by (rypsin. tics of yelatine hydrolysis by
papain,
Pus=867. Temp. =87° pu=d, Tenp. =87¢.

i 4 . Percense inhibition- _ 1. Dercentage inbibition
Nureotic ( S0 ) 9 ul‘ic:l; ) Nareotic 06 : o afLulz;' .

. / KEGIE 60wy U w120 min.
Pyrogallol P Y Pyroguilol i 1
BEthy urc e H 3 Ethyi urethuno 5 5
Diothyluros 0 U . Dicthyl urea U 0
Vanillin 6 T * Vauilin U 9
Galile geid U 10 Galiic aeid 5 15
Cutecbol [ i0 1 Cateelol v 0
Phenyl urethene 0 Q Phenyl urethsne 3 3
Sodium hydroaulphite 0O 1 Sodiww bydrosulphite 0 (V]

I will be observed that in the case of papain the narcotics are
without eay action, ouly gailie acid, venitiin and ethyl urcibane causing
sowie inbibition.  The inhibiving acfion inereases with time. In the
case Of Wy psogen practically cll the substances tried show  no cifect for
the first hour of the reaction but an appreciable inbibiting action is to
bu noticed after bwo hours.  This shows that the adsorption of the
narcotics on trypsin surlace is very slow wnd is inuppreciable for the
fivst two hours.  Similar results were obtained by Quastel 1n the cuse
of the acdon of Somnitsine on brain dehydrogenuse.

Our groteful thanlks sre due to Prof. J. C, Ghosh for his kind in-
terest in this investigation.

Brocuesican SicTioxN,
CHEMIvAL LABORATORY, teceived Nocember 17, 1984,
Urrvensiy oF Dacea.
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Naturwissenschaften, 46:206 (1959)

Partial and Temporary Methemoglobin Formation by Deoxygenation of

'Oxyhemoglobin with Sodium Dithlonite

Sodium dithionite (Na 4) has been used successfully in
experimental work to deokygenate or to reduce blood pigment.'
One can easily follow the effect photometrically in ﬁhe red
wavelengths because Hb exhiBits a higher than does Osz. In
testing for the minimum concentration of Na28204 which was optimum
for the deoxygenation of an Osz solution, we were astonished to
find that first, as eﬁpected, the light absorption (using Filter
QG 3, Schott) increased as the Na28204 concentration increased,
but after a certain concentration ("intermediate concentration")
was exceeded, the amount of light absorption decreased (Fig. 1).
At exactly three times the value of the "intermediate concentration,"
the amount of absorption did not change any further ("end concen~
tration"). Spectrophotometry of the blood pigment at the
"and concentration" shows a typical absorption curve of oxygen-free
(reduced) Hb. The absorption curve of the blood pigment at the
"intermediate concentration" on the other hand, showed a smooth
maximum between 640 and 620 mu (Fig. 2), and a lower maximum at
560 mi. The suspicion that the higher extinction of the "inter-
mediate concentration" in the red region resulted from the
presence of some methemoglobin, was given a basis in the loss
of the higﬁ extinction when KCN was added. An approximate

calculation showed that perhaps a quarter of the pigment was

methemoglobin (See Fig. 2). With the Na25204 concentration
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Fig. 1. Curve showiné the increase in light absorption using filtef
0G 3, the effect of NaZSZO4 at pH=6.8 (phosphate buffer) on
oxyhemoglobin. Blood pigment concentration = 970 mg/100 ml;

Na,$,0, concentration: 1 = 14.6 mg/100 ml, 2 = 19.2 mg/100 ml,

3 = 22.3 mg/ 100 ml, & = 42.7 mg/100 ml.

‘Fig. 2. Absorption spectra of a blood pigment solution of 100 mg/
100 ml at pH = 6.8, the effect of 11 mg/100 ml (a) and 25 mg/100 ml
(®) Nazszo4 respectively. For comparison the absorption curves of

oxyhemoglobin (c) and methemoglobin (d) are given.



below the "intermediate concentration," the absorption curve

e#hibits a mixture of OZHb, Bb and methemoglobin.

Below and at the "intermediate concentration," the transient
products controlled the reaction, proceeding to the final value
quickly and smoothly. Above the "intermediate concentration,"
the products are noteworthy in that the absorption reached
a high value for a short time, and then within about 60 seconds, -
sank to a final value (Fig. 1, Num. 4). If one increased the
NaZSZO4 concentration further, the peak came, with respect to
the above, lower and more quickly. One may assume that the

transient increase in absorption corresponded to a temporary

increase in methemoglobin production.

Conclusions. In measurements of oxygen-dissociation of 02Hb

by the addition of Na » the production of methemoglobin

2529,
must be seriously considered in the calculations. That Na25204
in the presence of O2 promotes the oxidation of Hb to methemo-

globin has already been described in 1924 by Conant and Fieserl.

University Children's Clinic, Freiburg i. Br. (Director: Prof.

Dr. W. Reller)

Klaus Betke and Peter Scholz

Received on January 8, 1959

*) With the support of the German Reserach Society

1) Conant, J. R, and L. F. Fieser, J. Biol. Chem. 62:623 (1924)
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Nt ARSENICAL

SO MY DROSTIPIITE  IN TREAT-

MENT OF  ACUTE /\I«"‘;]il\f
1CAL TOISONIN
W, R BDOND, MD,
. AND
. W. GRAY, M.D. .
KICH N ONXD, VA,

Acule arsenical poisoning is still a ]n(nl;lcm of vifal
interest to the clivician, \)l]mn;‘h the number of cases
of aeridental poisoning s Deen considerably reduced
by victer of cortain restrictions that have heen placed
soamt the foshusteicl vee of the subistancee, and the dis-
genittion of Fnecdedpe reoarding its toxic properties,
cases of acute intoxication are not mircquent.  Jn the
bl antidores with which to combat the
tation s of an ovallv admnustered arsenical
compernd, many cubstances have heen intraduced.

(J!lfrn’f!l?‘.%!y}' these so-calledd arsenic antidotes have
rot foed sonpart juarhead experimentation, i which
it becomes ponsiblo 1o draw satisTactory conclusions as
{ts the eitiency of the prepavatinn by establishing eon-
ditinar, of raaformity in dosape and treatment, as well
as the emploviners of an adeguate nomber of control
HIRHETIES

In o govent poger fﬂvm this laboratery 7 1t was con-
fazivele sl it eodinm thiosalphate wiss valucless
i the treaunent of poisotine from the oral administra-
tirn of gotpeeonn argenite, Here the fatal outeome was
not ever reacded, althoush the capposed antidote was
;"'"(n pomedintely foliowing abe administration of a

tenrehy Jor €

frie menifes

i) Jethad des s of the areenie preparation,

Our foierest in this worl bas been revived hy the
nvedivetionss af Terse who reports that he s
emoleve! ey hvdresalphite with success i the

treciment of experimental mercvrie chloride poisoning,
The voltdies of Messe's observations has i LH attestod
v some extent i this Jobhorotory by Flashell and his
rocociates, who have found that sodinm hydvosniphite
i riven .mn"nti.’xivly follonine the oral admdnistration
of a Tatal dose of mercuvic chinride will, in the mijority
of metances, save the aninal,

The vea of -codium hedrasulphite in mercuric ¢hlo-
ride prdvarine has led us to conduet a series of experi-

srents o determine whether the compound waould exerd
any favenable dnduence In oeases of acute arsenic

coexperiments have heen carried ot
on apparentle healthy doss Tollowing a twenty-fown
hour period of starvation, o that the presence of food
in the stowmach would not wflnence abzorption of the
avsende preparation. o prevent vomiting, 10 mg. of
morphine sulphate per Lilogram was injected subeuta-
neowsle, fcifowed in hall an howr by the oral adminis-
the pofeomn.

on of  potassihimm arsenife-U, 8, 2
ion), which was administered from a
me] connected with the sromach tube,
and rinsed down with 25 coo of {ap water. From pre-
viots exueriments it was fomnd that the mininnt lethal
dogn of sohintion of potassimm areenite was hetween
0.5 and 075 ceo vor Eiloovam of Dbody weieht, when
piven orally (o dogs, CiThe mertality of a sevies of
cighrecn dors given 075 can per Kilogram was 100 per
cont, amd it of tairteen dogs given a dose of 0.5 cc.
per il noram, "()] per cent.
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In our first experiment, however, we employed 1 cc.
of solution of potassiim arsenire per kilogram oraily,
which was immediately followed by the sodium hydro-
sulphite, 100 mg. per kilogram in the form of a 10 per
cent solutton, and was rinsed down with 25 ce. of
normal hydrochloric acid,  The results are shown in
table 1. ’

Sodium hydrosulphite must not he confused with the
thiosulphate (N, 5.0),%, which is sometimes errones
ously eallal hyposalphite. The compound with which
the investipation reported in this paper has been cone
ducted as the formula Na,S,0, It iz very sohhle
in water, with the evolution of heat and the Tiberation
of sulphur dioxide.  With solutions of  potassivm
arsenite a dark brown precipitate of the subsulpiide
of arsenic iy formed, the reaction betng accelerated he
the addition of dilute mineral acids,  The toxicity of
soditm hyvdrosulphite 1s apparently low ; we have given
to dogs as much as T G per Kilogram of body weinhit
withont anv apparent injurious eitect. However, the
compound possesses one objectionable featurve in tha
it indiwees vonnting in many instances i ogpite of e
previons adminiatration of marphine, Tor this reason
esse advises alkalization of the solution of sodium
havdrosulphite, which not only mereases the stahilice of
the «olutton hut renders 1t fess drvifant to the gastric
mucor, As rational as this procedure woubl seem, it

s 1'_{ W\
Adiire-

Tame VewNesults Follewoing the Lnmeldiale
[ vdrosulphite i Peiconing fron: the O
l}'mimz af lula 4

Argenite N

EEFIH

Solution of

Velpht ot Polussinm Sadium
of Doy, Arsenited , Hydiasulpuite,
[, e, per Ke. My, per Ry Result
0.1 1 oo Rurvived r
T 1 o THod ~ Baene
a0 7. 1 Srrvived
H, 1 a Dicdd v heviys

* I animat was living at the end of two weeks, it

sapvived,

Wwas repoited o8
. o

15 no safeguard acainst emwesis. Sinee the alkalired
solution does not produce any immediate visible veae-
tion with potassinm arsenite there scems 1w he o
advandage in osuch o procedure; consequentiv we feit
tat it woukl he o better plan to adiminister 2 freshly
prepared solution of sodivm hvdrosulphite and e

diateiy Tollow it with 23 ce. of nonnnl .v_uhnch‘nw
actd. Under these conditions the compound would he
fairly rapidly decomposed but certainly more effcetive
in precipitating the arsenic,  After the administration
of the antidote and acid solutions, it wos customary
observe the animals for a period of hatt an heur aad
{0 101((1 those andmals i which vomiting occurrad,

Te s quite obvious from tahle 1 dhat the presones of
the zodhum hvdrosulphite has exerted a most Govorable
nluence, since hoth treated animals survived, and the
untreated ones died within twentv-four hours.  This
is, however, of linle practical importance {rom a ¢hui-
cal standpoint, as in most cases of clindeal arsen'e
potsoning there s a (‘Onsi(h‘rahlc lopse of time beiore
the patient comes under observation. The experiment
may be of value in showing that inorganic arsenic cont
poands are rendered less toxic by the administration
of saditm hvdrosulphite. o

The next experiments were conducted with the view
of determiming the period of effectiveness for the pnei

dote by ‘\llmwmY varving periods of time, ranging from
111100 1o thitty minutes, to elapse hefare the
phite was dmi istered. The condonsed pratecols nre
shown in fable 2.

in

huvderaenl.
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The results whiained in this experiment, while some-
what discouraging, plainly show the necesstty of imme-
diate treatment, as well as the rapidity with which
potassitn arseiite is absorhed {rom the stomach,  The
mortality of the treated animals was 100G per cent when

Followeing the Use of Sed! um Hmhanu-

« Oral

Fawiy 2—Resulls
phcte in e
Admaistation of Potasstun Arsdaile

Crealment of froys Polsoned Oy
.‘\':.»1!«!‘{nu

RENUING Kot ‘Time

Soltion,  Hedsesulphite, lotervalin Tesult
Ceoper Ky My per ing, Minutes 20 Hoews
1 Netie . Frand
t Nany Pend
1 None Boad
1 None .. Dewd
1 e W Dreasd
l i 0 Vead
t ey Ri{] bewd |
1 160 Wi head
i 10 433 toditys
1 o 1Y) Survived
1 Tt 3 Survived
1 Wy 3 Sarvived
1 it0 1y Londd
1 1k} Iy iewd
1 10t} in Hend
1 pEY 9,03 breasl
the fipse of thine was greater than fve minutes, A\l

arannls teeate ! before this time sarvived, with the
exeeption of aae which died o the vixth day witli-
ot developing the wsual symptoms of acute arsenic
RUECHIHS

Uoretofore we hid been empdoving doses of arsenic
aoproximately twice the minimal fatal dose. In the
next expernnent it was thought advisable to reduce the
quanity ol arsenic solution to 075 ee. per hilogrin
and observe the cticet of this reduction i dos; e o
e pernad of etfective trecunest, Je may be readily

seca fron table 3 that Tess than 10 per cent of the ani-

wals weated  with sodinm hydrosulphite within ten
mtnutes atter the adnanistration of o fatal dose of
Tante de=Resulin Follow ng the Use of Sadivie Hvdrasulphite
molne Ilulfll. wtoof Dlolsoniy froon the Oral :Iu’num.\'-
iration oj Poluseiis Arsenite Solution-U. 1,
o3 e ;u Iy /mn i nf qul\- I m/ht (Hm,\)
N wm'u u Tine
Weht, \U)h(u n. Hydiesulplite, Intervitin
[ Cu. per Kg, o My per Kg. Miiates RHesuds
41 Nune Triced Is bhoonurs
30 Nona Licd 8 hours
KIS Nate Piod 21 Lonrs
[T} Noue Tned 24 hols
s Nuye Diedd v § lonrs
1 Nuoe l)lul 'Hmuu
o None <
RN Noene hn.n-.
- LRy froas
Gt 100 5% NSorevived
1340 o G Survived
e Loy 4 Rurvived
&l Iy M Survived
.l - iy 0 Survived
RN (Y 1k avived
R lew 10 Suryivest
[tk Y 10 Survived
L3 1wy 10 Supvived
SAS 00 1 r~'m\'l\n|
E 1y 16 »I. b2 hours
ey 0 1o Nurvived
>0 e " ])1 b hionrs
i 1 Dt honrs
D 160 T P s hionrs
5 W g Dl 28 houes
[ 1o 11 Wit vived
aeevicadied, Phe nmeortatity of the control animals and

those trented ater this tme was 100 per
avates
L=

cent, the

pralorestion oi life buing oaly furty cight

Lo hove i nuad that thwse experhoents
cer hetad wder el condiviens e woudd
: v facicae the abaovplivn of the wenie prep-
i T ds wot sarprising, thoretore,

TULAREMIA—TIANSON AN

that the anti- -

D GREEN

dote was. incliective after the lapse of ten minutes,
since a fatal dose of arsenic had already heen .xbwmu!
and at this stage it is extremely doubtiut whether fava,
wonld d(((_lln])h.&]l the desived result. The prg:amc. of
food i the stomach, as wounld ordinarily be the case
clindeally, would undoubtediy delay absorption of the
poison to such an extent that the period of eficctive
treatmet V'omq(l be much prolonged.

SUMMARY

We do not wish to recomiend the use of suditiing
hydrosulphite in the traimment of acute arsenic Jisiotie
ing as a4 measure intended o supplant g astric Javage,
the nuportance of which is unquutmncd b }, ssunigg
Trom any orally administered drug. As an adjunet 10
the latter, however, the u)mpuuml mav pr m quite
cilective, ‘mltlcnlnl\ in those cases in which the pres-
ence of undigested food in the stomach mizht e pass
e progress of Twvace, The innmediate adminisaation
of .1|)l)lulnnltc amounts of sodinm hydrosulpiite s
serve to fix or render mnabrorhable the arsenic wnl
thoroush Javage cm be oiceted, if not to be solody
responsilie for the patient’s recovery,
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Interference With the Antibacterial Action
of Streptomycin by Reducing Agents!

Axepeo Bonbi, Jr.,, CarreriNg C. DiETz, and
EaBLeE H. SPAULDING

Temple University School of Medicine, Philadelphia

The nuthors have repeatedly observed that the anti-
bhacterial action of streptomyecin is signifieantly re-
duced by incubation in an anacrobie jar. When filter-
paper dises are saturated with streptomyein  and
placed on the surface of infusion blood agar plates
inoeulated with E. eoli, the resulting zones of inhibi-
tion on plates incubated anaerobically are much

1 Streptomyein used in this study was generously supplied

through the courteny of Dr. D. 1". Robertson, Merck and Com-
pany, luc., Rahway, New Jersey.
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smaller than those on the eomparable aerobie plates.
The reduced activity of streptomyein anacrobically is
not due to hetter growth conditions, sinee E. coli pro-
dueces its maximum growth when incubated acrobically.
Similar yesults may, be ohtained with staphylococei
and other specics of bacteria whose growth is favored
hy acrohie incubation.

These chservations secmed to us lo be significant,
and further studies were carried out, the results of
which suggest that they may have some bearing on the

antibacterial action of streptomyein,

MHethod and results. Duplicate sets of infusion
agar plates eontaining 2-fold eoncen'rations of strep-
tomycin were inoenlated with various species of bae-
terin. One set of plates was incubated aerobieally,
the other in the anaerobic jar by the palladinm-hy-
drogen method as modified by Spaulding and Goode
(€). Plates were read for evidence of growth inhi-
Dition at the end of 24 and 48 hours incubation at
37° (. Table 1 shows the results of these tests.

TABLE 1

INHIBITION OF IJacTrERIaL GROWTH BY STREPTOMYCIN ON
INFUSION AGAR

Growth® in prescnce of
streptomyvin ; units/tl. of agar

Organism Incubation ,
None 1.0 2.0 4.0 8.0 16.0 32.0 64.0
E. coli-S aerobic 4 4 1 - - - - -
anaerobic 3 3 8 8 &8 3 - -
E. coli-M acroble 4 4 2 - - - - -
anaeroble 3 8 3 2 - - - -
8. aurecue-S)M uerobic 4 4 1 1 1 - - -
annerobic 4 4 3 3 2 2 - -
B. aurcus aerobic 4 1 - = = - - -
77 anierobic 3 3 3 3 2 1 - -
8. paratypht aerobic 4 4 4 3 - - - -
d anaerchic 8 3 3 3 2 2 2 1
S. tuphi- aerohic 4 4 4 3 2 - - -
murium anaerobic 2 2 2 2 2 2 1 -
Prneurno. aerabic. 4 4 4 4 4 1 - -
Type [ . anaerchic 4 4 4 4 2 1 - -
Btr. Hemo- aerabic 4 4 4 4 4 3 - -
ticus anaerobic 4 4 4 4 3 1 - -
C-203

* Readings made at end of 24 hours incubation; 48-hour

readings were essentinlly the same,
Under anacrobie conditions the amount of strepto-
myein nceessary to, produce baeteriostasis was from
2 to 16 times greater than the comparable aerobie con-
centration. With one exception (S. aureus-SM), these
results were observed only with organisms which pro-
dueed their maximum growth on acrobic plates.

A similar experiment was earried out with extract
agar. Although there was some evidence that the anti-
bacterial action of streptomyein was greater on the
acrobic plates, the dilference was not large. It ap-
peared that various redueing agents in the infusion
medium played a role in inhibiting streptomyein an-
aerobically. The greater redueing power of intusion
agar was evident from the observation that methylene
blue in a concentration of 1: 100,000 in this medium

08
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was reduced during anacrobie incubation, while methy-
lene blne extract agar plates similarly incubated were
not reduced.  The presenee or absence of sireplomyein
had no apparent ellfeet.

The anti-E. coli aetion of streptomyein was suhse-
quently determined in tryplone and infusion broth
containing evsieine or sodinm thivglycollate (Yable 2).

TABLE 2

e BFFRCT OF CYSTRINE AND THIOGLYCOLLATE ON TIIE
ANTIBACTEREAL ACTION OF NTREPTOMYCIN
AcaiNsT L oculi

Inhibiting concentration of streptomycin

Medium Unpits/ mlL
Tryptone® ... ... ieiiai i 1.0
‘Tryptone plus U.1 per cent thioglycollate .. 2.0
Teiptone plus 0.1 per eoent eysieine ..., 64.0
Iufusiont ..o eei i i e 16.0
Intusion plus (L1 per cent thioglyeollate .. 64.0
Infusivn plus 0.1 per cent cysteine ..., .. > 128.0

Difco tryptone 1.0 per cont.
Veal infusion, 1.0 per cent tryptose, 0.03 per cent glucose.

~

Aside from the added SH compounds, infusion broth
itself contains interfering subsianees, since 16 times
as much streptomyein was neeessary for bacteriostasis
in the infusion control as in the tryptone control. The
presence of cytteine inereased the concentration re-
quired for baeteriostasis 61-fold in tryptone and at

TABLE 8

E¥recT OF INoOngaNIC REDUCING AGENTS ON THE ANTIBAC-
TERIAL ACTION OF STREPTOMYCIN AGAINST E. col

Inhibiting concentration of streptomycin

Reduclng agent® Unite/ml.
Tryptone control ............ [N - 20
0.5 per cent sodium formate ........... 32.0
0.05 per cent stannoux chloride ......... 32.0
0.05 per cent sodium bisulfite ....... cees 32.0
0.05 per cent sodium hydrosulfite ....... 16.0
0.5 per cent godium thiosulfate ....... e 320

* Final concentration in tryptone broth.

least 8-fold in infusion broth; the increase with thio-
glycollate was only 2- to 4-fold. ~

The effeet of eysteine on streptomycin could be due
either to a reducing action or to some specific chemical
reaction, especially with the sulfhydryl groups. The
inactivation of penicillin (2) and other antibiotic
agents (1) by cysteine is well known. The action of
cysteine on streptomyein appears, however, to be dif-
ferent from that on penicillin, as was demonstrated in
the recent report of Denkelwater, Cook, and Tishler
(4), published while this manuseript was being pre-
pared. These workers state that the inactivation of
streptomyein by eysteine is reversible. Similar inter-
ference by sulfhydryl compounds with the antibae-

Vol. 103, No. 2674

terial properties of mercurials (6) and quinones (3)
has been reported.

If interferenee with the activity of streptomyein hy
sullliydryl compounds is due to reducing powers, other
reducing ngents should lLikewise interfere with it
action. Consequently, varions reducing agents hay.
been tested. Hach of the substances studied definitely
antagonized the untibaeterial action of streptomycin
against K. eoli, as shown in Table 3. It is evident that
{he antibaclerial action of streptomyein is greatly di-
minished by a variety of reducing agenis other th:y
sulfhydryl compounds.

Discussion. Reducing agents definitely antagonize
the antibacterial activity of streptomyein. Further
work will be required, however, to delermine the true
nature of this interference. Whether it is due to a
lowering of oxygen tension or to some specifie cheiwn.
ical reaction or both acting simultaneously, is still un.
known. The SH compounds and the inorganic re-
ducing agents eould funetion in either capaeity. The
reduction in activity of streptomycin in the presence
of glucose, as reported by Waksman and co-workers
(9), could be attributed to the reducing action of tiis
carhohydrate. '

Tt is entirely possible that this phenomenon is related
to the mode of action of streptomyein. This antibiotic
displays its greatest activity against bacteria which
grow betler aerobically than anaerobieally, ¢. g. F.
coli, S. aureus, and Myco. tuberculosis. )évone of the
obligate anaerobes is susceptible (7). The antibaeterial
action of streptomyein may be due to its ability to
block some enzyme system, oxidative in nature, which
is essential only to the growth of susceptible aerobie
bacieria, an enzyme system which anaerobes do not
possess. If this is true, it is possible ihat the antag-
onism by the reducing agent is a specific effeet upon
this streptomyein-enzyme - relationship rather than a
direet effcet on the streptomycin itself. In faet, addi-
tion of the SH compounds and the inorganic reducirg

"agents to a coneentrated solution of streptomyein

(1,000 units/wl.) does not result in material loss of
activity, although Denkelwater and eco-workers (4)
recenily reported that this antibiotie in a lower con-
eentration was inactivated by eysteine.

Certain other practieal implieations are worthy of
note. It is conceivable that in certain parts of the
body where organic reducing agents are present or
where a low oxygen tension exists, larger eoncentra-
tions of streptomyein may be necessary to inhibit the
growth of bacteria. Elias and Durso (5) recently re-
ported that typhoid bacilli were isolated from stools
in spite of the prescnee of large concenirations of
streptomyein. These investigators suggested the pres-
ence in the body of a substance inbibitory to strepto-
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mycin. It remains fo be seen whether these two
phenomena are related.

1t is evident that the choice of & medium is im-
portant in assaying streptomycin and in determining
the susceptibility of bacteria to its antibacterial activ-
ity. Because of its antagonism for streptomyein,
an infusion medium would be an unwise choice for
this purpese. Eventually one of these reducing agents
may prove belpful in testing the sterility of strepto-
mycin solutions or in the culturing of fluids from
patients under treatment. Cysteine may prove lo be
such an agent.

Summary. The antibacterial activity of strepto-
myein in infusion agar plate enltures of E. coli and
other baeteria is diminished by anaerobic incubation.
The bacteriostatic activity of this antibiotie for E. coli
is yeduced .in the presence of cysteine, sodium thio-
glyeollate, stannous chloride, sodium bisulfite, sodium
bydrosulfite, sodium formate, and sodium thiosulfate.

Cysieine was the most active of the agents tested,

Furlher investigation is nceessary to determine the
nature of this interference. It is possible that this
phenomenon is related to the mode of action of sirep-
tomyetn.

Refercnces
CA%'A‘;MTO, C. L., and Barey, J. I Science, 1944, 100,

Chow, B. 1%, and McKEE, C. M. Proc. Soc. exp. Biol.
Med., 1045, 58, 170.

Co,[,(wzm,x., C¢." A., and McCavri, M. Bcicnce, 1945, 101,
502,

DENKELWATER, R, Coog, M. A, and TigaLEr, M. Science,
1945, 103, 12.

Frias, W. F., and Durso, T. Science, 19453, 101, 589,

FILDES, PAUL, Brit. J. exp, Path., 1940, 21, 67.

Rominsoxn, H. J., SsaitrH, D. G, and GrakssLe, O. E.
Proc. Bne. exp. Biol. Med., 1944, 57, 226,

SPAULDING, E. H., and Goopg, W. J. lab. clin. Med., 1939,

o o o

® e Noe

, 308.
WAKSMAN, S. A., Brcig, B, and ScuarTz, A. Proc. steff
Meet. Mayo Clinic, 1944, 19, 537.

SCIENCE

08



Iinhibition of Prothrombin, Thrombin and

%

;\ulnpr()thrmnhin C with Enzyme Iinhibitors

From the Departwent of Physiology and Pharmuacology.
Wayne State University School of Medicine. Detroit, Michigue UNA

M. Jesxe CanpwieLL™* and Warnrker H. SERGERS

As ammeans of determining active gronps on a molecule organice chemists use
reagents which specitically react with chiemical groups, Biochemists have

employed this same method to determine active sites on enzymes. Using these -

methods the inhibitory effect of various chemical modifieations of three mole-
atles important in bleod coagulation, prothrombin. thrombin and auto-
prothrombin €. was explored in thiz investigation.

Rovine prothrombin, thrombin and autoprothrombin € have been ixolated
in thix Inboratory, and their amino acid composition determined. For casy
reference to the amino acid residues of all three, a table has been published by
Seegers. Cole, Harmison and Marciniak (21). All amino acids are present in each
of thesi- three molecnies, and hence all of the polar groups — amino, imidazole,
guanidyl, carboxyl, disultide, sulfhydry). phenol. hydroxyl, indole, amide, and
thiomethyl - ave present, and could function as an active site.

By specifically blocking groups and then measuring the activity of the
molecule to see if this produced a loss, we expected to get information concern-
ing molecular structures essential for activity. If activity was lost. one might
assume that this particular group was essential for the molecule to display its
proper activity. It is possible that more than one group is essential for the
activity, but unfortunately the number of specific blocking reagents is very
limited. So, in all cases, several reagents were used to determine the essential
position of one particular group.

Nanninga (13) studied the effect of numerous chemicals on the activity of
thrombin and concluded that thrombin has an essential amino group. He found
neither sulfhydryl groups nor disulfide bonds essential for thrombin activity.

* This investigation was supported in part by a research grant HE 03424.08 from the National
Heart Institute, National Institutes of Health, U. 8. Public Health Scrvice.
** Progent Address: Department of Laboratories, Henry Ford Hospital, Detroit, Michigan.
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Carter and Warner (4. 5) found that reduction of disulfide bonds resulted iy

. . . ST T Yo
decreased activity in prothrombin but not thrombin, Sulfhiyvdey? Bloeking
rents did not result in lost activity of either prothrombin or thrombin, They

comeluded from these observations that prothrombin has an exsential disuliide
bondiug, but thrombin dees not, and that salfhvdey] croups are not essentia for

the activity of either.

Koppel. ¢ al. (5. 9}, found that sulthydeyl Bloeking agents decreased e
prothrombin concentration of plasiias Jotermined by the twostige anelva
Throueh a series of substitutiou experiments whivh included the substitution of
puritied or concentrated clotting factors, they concluded that the essenti
sulfhvdrvl group was not in prothrombin. Tt was an accelerator of prothrombin
activation. which they decided was Ne-globulin {factor V. Aok Harmison ansd
Seeers (1) contirmed this observations, They found that their highly coneen
trated preparations of Ac-globulin (factor Vi lost activity following incubation

with sulfhvdryi biocking agents,

Materials and Methods

Bovine prothrombin was propared according to the micthod oF Seecers (19, 21, Phrombin and
autoprothrambin € were prepared hy methed= previensly deseribed (2D The chemicais used wete
added to distiled wnter nmmediately prior toase, The pH of cach <olution was neutralised <o chat
it was between ptl 6.5 and 7.5, and then made ap to the deared molarity which o most eases \.\:-.?
(.1 M. An aliquot of thix selution was Mituted <o that two different concentrations of ciach chemien

were used, Unless othrwize indicated, pll adjustiments of acdie <olutions weee aceomplished wits
NuQH. and of alkaline solutions with HCL ‘

Each chemical wns tested against the three proteins, prothrombin, thrombin and autopr-
thromhin C. One psrt chemical and one part protein to be tested was muived together mea 1>sz~!="
tube, mnking the final concentration of chemienl in most cases 0,05 and 0,01 M. At zero time.
ipunediately upon mixinyg protein and chemical, an aliquot wis removed and its aetivity dj‘!"t‘:
inined. This value was considercd to he 100, activity, and also served as a control to deternune
at this coneentration the chemical rexgent interfered with the assay pr swedure for the protein. The
ruixture of vne part ehemical reagent and one part protein was left in stoppered plastie tubes i.n
room temperature. After two hours another aliquot was removed and the activity of the ;woh‘f!‘.
sgain measured. After 21 honrs a third aliguot was taken and its activity determined. The proteit
a’?’(i‘«’l‘tif?ﬁ after two and 21 heurs incubation were reported as pereentuges of the activities at 7o
tirne, ‘ )

Contrcls were sot up which contained one part of the protein and one part distilled \x‘:m'f-
Thore controls measured any spontaneous deterjoration of the protein during the 24-hour 111:«"«.1'
bation period. The proteins were in concentrated solutions (15,000 Ufml prothrombin or ﬂn-(ini‘!:
cmed 1000 Tl aatoprothrenbin (1) during incubation periods and could thus bo greatly dilute
helore assaying their activitier. The chemicals with which they had beon incubated were, on=
rently. wlo dituted. This was perhiaps sornetimes important in preventing the chemical o

terforing with the asany,

Inhihition of Prothrombin, Thrombin and Autoprathrombin ¢ BT

The prothrombin coseentraions were determined by the meditied tao stage asany of W

andd Seegers (26). Thiombin concentration was determined by frs abaliny 1o clot oo n

dexcribed Ly Seezers nnd Stonth (26) The method deseribed by Coles Mareimiok and Neccers 08, v

(‘1'7[‘:“‘\""; to quantitatesatoprothrombon Cactivity,

Experimental Results

Table s designed as o sunnnary of the results with numerous chemieids
which were tested,

Redueing agents. Redueing agents act on untuodified proteins to convert
disuttidde honds to sulthvdey! grovps The redueing agents whiclowere emploved
in these experiments included several reavents having SH o gronps: evsicine
thivgiveolic acid. 20 3-dimercapto-tpropanol (BAL) and reduced whatathione.
Other reducing sgent=, having no SH group included s sodinn sulfite, sodium
pisutfite. sodium hyvdrosuifite. wid ascorbie acid,

In thiv xtudy all of the veducing agents altered the prothirombin and auteo-
prothrombin U molecules so that they no longer displayed their typical activity,
The thrombin molecule the reducing aoents heoving St

was anaffeeted by :
eroups. It wax somewhat affected by sodivm sullite in two honrsy however
24 hours were required to show a marked inhibitory cffect of sodinm =<ultite.
sodinny bisaliite, and sodinm hyvdresultite vpon the ability of thrombin to clot
fibrinogen.

Later we fonnd that thrombin could after all he inactivated with reducing
agentz. Thivglyeolie acidl fivst nentralized with sodium hydroxide. destroyved
the activity at 0.2 M concentration. At 0,05 M some of the activity was first lost
and then recovered spontancously. Since much depends upon the relative con-
centration of thrombin and reducing agent we at tirst failed to observe a change.

Ozidizing agents. Oxidizing reagents containing the disulfide linkage speci-
fically oxidize proteins having free sulfhydryl gronps. Typical reagents which
were used for studying this group were: cystine, and oxidized glutathione. As
a strong oxidizing agent potassium permanganate was employed. The mild
oxidizing agents employed were: hydrogen peroxide, potassium ferricvanide,
2,6-dichlorophenolindophenol sodiwm salt, and sodium selenite.

Oxidizing reagents having disulfide linkages had no inhibitory effect or-
vrothrombin, thrombin or autoprothrombin € activity. A strong oxidizing
agent such as potassium permaenganate, even in low concentration, inhibited all
three molecules within two hours incubation. With mild exidizing agents there
was decreased activity of all three after 24 hours, but varied in their inhibitory
effect in two hours, generally showing a low degree of inactivation of prothrom-
bin, thrombin and awtoprothrombin C. Autoprothrombin (¢ was the most
sensitive of the three to hydrogen peroxide. Tts activity was reduced to approxi-
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Table {. Chenueat Moditieation of Prothrombin, Thrombiv and A

Caldwell, Seegors

Their Aetivity.

utoprothrombin € and Effeer of

Prothrombin

|

Thrombin

Antoprothrombin ¢

Reagent y , l ! g |
2 hes Thhes |2 hes 24 hrs Shres o D

fedvcing apenis. %
Aseorbie acid : e 0 §] AN l U
Thioglveolic aeid 4 BE o 0 T | Lo
BAL : 0 0 ISR S R
Reduced glutathione - 0 0 ; [T
Cvstene 0 0 b Ea
Sodinm bisulfite ;
Sodium hy drosulfite - ©
Nodnun sulfite .
Aikylating agents:
Todoacetate thah M 0 H .
Todoneetate 01 M 0 o 0 0 0
Orifiziny agents:
Oxiilized glututhione 0 4 m " 8 0
Cyatine 0 0 §} 0 1 1
Hydrogen peroxide 0 u
Potassiam permanganate’) -
Potassium ferrieyanide 1] 0 1 0
2.6-Dichicrophenolindaphe-

nol?) - 1] .
Sodiuin selenite 0 0 0 [ 0 ]
Mercaptide forming agents:
Parachloromereuribenzoate?) 1] 8 0 0 0 0
Mapharside 0 1] 0 1) 0 i
Aerthiolate 0 0 0 0 0 @
Phenylmerearic Hydroxide 0 L i) 0 0 it
P-arsanilic acid 1 o I 4 RS
Phenylmercuric nitrate 0 L 0 1] 4] 4
Carbonyl reagents:
Phenylhydrazine b R - R bl
Hydroxylamine 4 LA 4 0 0 ER
Sodium hisulfite + A + 4o -4 Lob g R T
Amino grovp reayents:
Formaldehyde4) R R ] + 0 -
3-acetyhnercaptosuccinic

anhydride B I ol T ot o ol B s i 0 AT

1) Frnaleencentration 0.0005 M.
2} ¥inal eoncentration 0.005 3.
3) ¥inalcoucentration 0.005 M.
4} Vinal coneentration 0.015 M.

< ey

Ty iy N ] . .
Inhibition of Prothrombin, Thrombin and Autoprothromba BT

Tab. 1: Continued

Rengent l),-,x"hr-:unhin Thrombin A\nrle]n'nthrumhu,:.
Toohes | o2hes b2 | 2tmee |2t | 2
A isecellaneans: i - T E T
Phonols) 1] I " i) I o 5 0o
gnenidive hydrochiornde ( | 0 [§] u ) ! .
Lithinm bromide 0 0 0 m :: ! ::
E)}tl.\*li\”“ ferroeyanide 5} L ‘ 0 ‘

PO . , .
5) Final coneentration 19 solution.

The Hr<t eolningg under eiuel Oole ortld
st linn under cuch protem tabutates the effect of two honrs ineabntics wqrh » e

chemsien! e the second eolumn 24 hours fneubastion, I from 90 to 1007, of the o
ot o 0f the oy

atd e T
il INVITN
A [T L o et : T ; )
was present qt the end of the time peried. it is desiznated in the table by zero, One phias bodre

; I ‘ . _ . ) N b o . A Al . pias R RRNE R A
that Between T0and 900 0 of the original aet ity rensined, Two plus indicates that betwes, S0 and
300 af the otising] aetivity was retan T inedi ' P,
7 " v wnab aetvity was retamed, Three plus indicates that between 23 and 5o St the
sriginal aetivity was present, and four plus indicates that less than 249, of the or

an 240, i

. s e noviny
rerined i the end of the period of Ineubaiion ! i .
e period of ineubation. Similar results were obtainedwhet the tinai

nerntretion of the « erien! wae (05 ; !
wontentration of the chemieal was 0,05 or 0,01 M exeept in the case of iodoacetate, Therer

i H Ae, L heren
s of fned

P T L
‘ar inth enppeant o

i concentrntion of 3
Analconcentration of 0,03 M unless otherwise indieated, Solutions were neat ralized to o GH e
¢ il7 IR A §) AT

ST B te T0 bt e :

TRIT 6.5 1o 7.5 Tneubastion was carried out at roomn temperature. To the ease of 1o hiyg !
. ‘ thrers it re g,

ey

gagents such ns thioglyeslic acid are offeetive in higher concentrations

:n.z%fvi.v 609 of its original activity within the frst two hours whereas the orhers
Tmi retained their activity. All of the materials, however, had lost ncti\'i‘tv d':xr.-
g 24 hours ineabation with hydrogen peroxide. Potassium ferric vanide did not
lecrease the activities of any of the proteins during the first two hours. Pro-
:thrombin and autoprothrombin Clost some activity during 24 hours incubation.
et thrombin remained fully active. The compound 2.6-dichlorophenolindo-
{’PE‘I‘.O‘ dostmycd the activity of all three in 24 hours. It was most destructive
(:: g:othrci;nbin a.nd autoprothrox'nl')in C. Within two hours approximately 3097
il e prot u‘oml.)m was gone. Activity of all three molecules was greatly reduced
uring 24 hours incubation.

mdﬁ?‘[ r})m 1.;»1'¢‘d(z .for;;n;i ny 1'fiuge:n.ts. Heavy metals, particularly mercury. arsenieals.
, setenites. combine with single sulfhydryl groups under mild conditions. The
flereury  containing compounds which were used in this study included:
?"'CMoromorcuribenzoatc, merthiolate, phenyimercurie nitrate, z;nd phenyvl-
“ereuric hydroxide. ‘

', .fh(‘se'reagents exerted no inhibitory effeet during the first two hours incu-
\;a:x(})‘“ ?'ﬂt.h pret-hro.mb_in., thrombin or autoprothrombin (' After 24 hours
‘;“ ration. the only inhibitory effects noted were a decerease of 459, and 259, of
& othrombin activity by phenylmercuric hydroxide and phenylmercuric nitrate.
pectively, )

i
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The arscuie contajning compounds emploved were hoth })L.‘ntn‘\':ll(-nt arseni-
eals: mapharside, and p-arsanitic acid. :\1:1[)}1=u:~5(-‘.v l‘::u.l no ('ﬂ‘::vt \‘11»:‘)::1}.3'#};‘)1-0.
teins tested. The p-arsaniiic aeid had the most :x‘\ln.lnhn‘.\' «':.m(*t aadnst nato-
wrothrombin C. which fost 237, of its activity within tlu-Ahr.\'t f.x‘."v).h’:?u".:\' and
100 in 24 hours Thrombin decreased in activity :\1)1:1'«):\1:11:11(.‘1,\‘ ;'vl v i !\‘m
wurs and nearly Aty in 24 hours, Prothrombin retained its activity dunng the
24 Lours incubation with p-arsanilic il . . .

Ain gl g g nds, The cpdy peagent oF thiv eronps we ctudied was “Nl“f“.(.m
;wi(_i,‘ Jx; the ~p1-1;<<-m-o of & .00 M concentration. the ]n'n.t (b-ins, were u'nnﬂ(-f‘-h;.i_
with the excertion of prethrombuo, which lost 287 0 ol s i;d»i\‘i’\.\ st i
24-hour in(‘ul\;:tiun period. However, when the prntvin\'. weir l!iv\l‘w\h“'i ‘An a
005 M solution of neutral jodoacetic acid, thrombin activity dwr(-‘;\.\vu nvu-mr‘
1;2"'"') within the first two hours, then remained rx.m.\t:.m't dmjin;?r az l-!mn.r in'l;lwi
of incubation. Although prothrombin lost no :u-ln'xt-_\' during the ln'.\t! ‘L\w‘
hours. a 707, decrease ocenrred during the 24-honr period, ,\U'.':}—)(!"«“HH(H'H »m!(
activity decreased 159 during the first two honrs and about 339, during the
24 -hour incubation period. . . e

Amino qronp reagenls. Depresenting this gl’ullp of rengents \\‘(-Au. (l.lx.j:ixi
dehyde  selution. El(‘(‘t_‘s'-,!!':!-!'(‘zq)lij.\‘li!‘\'illi(' anin lh'li“:(;. .l‘1:(;3.\1:.1{::1::::21\ aetivity
proved to be guickly deervased in /thv presenee ol A‘m‘x‘n‘\, }4“‘ e
activity dropped nearly 257 i the first two honrs and did ot decrease b

Tl in
nropmnn

Auring the next 22 hours inenhation, .\ut(x;n-«)1!11'«)111\»?11 ¢ \\';.15 :\'.\'}s.hli\f 'u‘»
in‘:libi}iun by formaldehyde during the first two bour incubation period and
lost only about 15%, during 21 hours incubation, . ' | N
Prothrombin and thrombin activities were lost during t\Y“ Iu'nu‘;; 131::‘1 ‘.u.l z
with acetvlmercaptosuceinic anhydride. ;\utu;)mﬂ.xrmnbm ( ;u-tlvn.)“ v»‘v ‘~
unaffected following two hours incubation with this reagent, but neariy ab
activity disappeared following 24 hours incubation. , N
Carbonyl group reayents. Thiee reagents were (‘r'np.oy(;d to ?tu: l\ m,;.
possibility of carbonyl groups being essential groups in })l"()ﬂll"()ﬂ:hﬂl'.."‘13 V_:w
bin and ;mt»opx'nthrombin (': phenylhydrazine h_vdroc}.zl(mdv, s (,.:!‘m_?n?..i:g
sulfate, and sodium bisulfite. Activity of all th}'(-u proteins dcn'va;%ju :«‘.‘,Y,t{‘;)ﬁ;
during 24 hours incubation with phonylhydra.zlne. Autoprothrom u}m {; ) “
decreased approximately 45% within the first two' ho‘urs, pr.ot xr(‘n.nv-“ “.;S
nroximately 309/ and thrembin approximately 209, 'lhr(hjmbm ;‘Tf.'ul\- li‘;1r0;11-
stable during & 24 hour ineubation period with hy(lroxylul}lxh@. A‘-lmp“’,‘{ o
bin € activity fell approximately 40% during t»‘.\:o'hours 1_11(:1:1{)&_;1(/311lmf‘.m; {.\w
%59, during 24 hours. Prothrombin activity diminished 15 t(? 200, ‘V'IIU :qeriod
hours incubation and between 70 and 809, after a 24-hour incubation P

with hydroxylamine.

Inthibition of Protheombin, Threambin aned Autoprothrombin ¢ NTH

The prothrombin and autoprothrombin Cactivity was rapi vy lostin contaet
with sodium hisaltite, Thrombin was =omewhat affeetod by sodim hisullite m
two honrs however 24 howrs was required to show o marked inhibitory ctfect
upoen: the ability of thrombin to clot filrinogen.

Msedllangus reageids, Four reagents were tested which do not nicely fall
into any of the above categories: phenoll fithium bromide, guanidine boaedro
ehloride. aned potassiom ferroevanide, 7 '

Phenol i a 197 wolntion. did not dovtrov the qetivity of neatheomhin
thirombincor autoprothrombin € during o 2 -howr ineubation period, Lithium
broniide wind cuanidine hyvdvochioride, in the Jow concentrations vscd, did not
Aeet the activity, Potassium ferrocyanide was not very effective in decreasing
the activity of prothrowbin or autoprothrombin

Activity was unaftected
after fwo hours but. after 21 houts, up to 23% of the activity was fost, Ne

:ii'!‘\'
sty of the throy

uhin activity disappeared after two hours inenbation with tiis

agent and nearfv 75%, after 24 hours,

Discussion
Disulfide Group

Reducing agents act on wnsodified proteins to reduce disulfide bonds to
sutfhydryt groups. Those reducing reagents containing sulfhydryl cronps are
very speeific o their action on disulfide bonds: on the other hand. they ac-
rate enzymes vequiring sulthyvdeyt groups (18). Sultites and bisultites add to
disualtide bondx to pive asulfhydryvl and thiosuliite (8).

In thisx xeries of mvestigations reducing the disulfide bond did not decrease
thrombin activity in the regular concentrations we were using, By increasing
the coneentration to 0.2 M inactivation was observed. At 0.05 M the results
were variable, and there was even spontaneous recovery of activity subsequent
o inactivation. Both prothrombin and auteprothrombin (! activity rapidly
decreased following reduction of the disulfide bond, which indicates disultide
f@nd,‘fngs are essential for their activity. This agrees with the statemenis of
Carter and Warner (4, 5) coneerning prothrombin and thrombin, with Koppel.
'l al. (8, 9) concerning prothrombin and Nanninga’s (15) investigation of
tirombin, with the exception of the observation that thrombin ¢an be in-
etivated if the concentration of reducing agent is high enough.

Sulfhydriyl Groups
Sulfhydryl gronps oxidize readily to disulfides. However, the ouly reagents,

whi,. . . o . q. . .
“hich can be considered to specifically  oxidize sulfhydryls, are disultide
latt 3 . . cye . . . . - - .
Trrents (3). The disnlfide oxidizing reagents nsed in this investigation did not

e gl e

1
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deerease the activity of prothrombin. thrombin or antoprothrombin C. On the
other hand. strong oxidizing agents markedly decreased activity of all three
Lrofeins, and since a low degree of inactivation was seen i adl three following
fnrn‘ ation with mild oxidizing agents. it must be assume s that this effeet wag

ation of groups other than sulfhvdevl, This does not exclude the

essential position of sulfhydryl groups. however. stnee these groups mist ve
freely reacting o wied be located close togetlier in order for oxidation to disultides
{0 orelit.

Mercaptide forming reagents are able not ouly to reaet with free sudthvdiy]
groups but are also able to react w ith shuezish ones, The heavy metadso mereory,
arsenic and selenite combine withsinglesulfhydrylaroups under mitd conditions
Among this tvpe of reagent, p-chloromercuribenzoate is one of flxv mn,\} w .(‘:( 1_\.
used and probably most speciiio, Tt s able to combine with a sivele suffhivdry
group at low em neentrations of reacent.

The trivalent arsenjeals have a striking aftinty for sulfhvdryl groups,
Mapharside has heen used clinieally in the past for treatment of tl\;mnmu‘m‘n

i . 8 I od too
l’hl ¥l droe "'H‘uu i"‘f(’(tl(”'\ n (fv’/l ‘IH“ I?‘ ntav: ']' 1t nU\(“l( W 15 converte a

anel then exerted its effect by biceking essentiad sulinydryl

-

rivalent form

containing enzymes (16): therefore. one would exeept that mapharside would
< mg ‘
bleck suithydryi groups oniy vhen used m oo,

thicether,
In the presence of sulfhydryl groups iodoacetic acid forms a thicether, At

oue time iodoacetic acid was t v‘nnrrh? to he speeitic tor proteins which contained
sulfhydry] groups. It is now realized that. during a longer incubation period.
iodoacetate reacts with othier groups, including wmine, phenot and indole {14,

During this investigation. the clotting proteins decrcased in activity ouly i
high concentrations and following long incubation. so most likely some group
other than sulfhydryl was involved. 1
Considering the results of the three methods used here to study the essentia
aoe i) 1
position of sulfhydryl groups - that is. specitic oxidizing agents which con.(ui
: : with
disulfide linkages, the mercaptide forming reagents. and rapxd inactiv at’mn \»(\
; he
iodoacetate — we have found that sulfhydryl groups are not essential for th
. S o
clotting activitics of prothrombin. thrombin. or autoprothrombin C.

Amino Group -

(AR
Acetic aphvdride is a valuable reagent for studying the cssential nature of
.o is
amino groups without causing denaturization of the protein, if the pm(r in )
- J anaeu

kept cold and subjected to a shert exposure j neriod. More active or pro}ong

o
v 2 MMVae "1 A
exposure will probably result in other than amino groups being inve Ive X

ethod frn acetvlation of prothrombin and thrombm has been reported whitt

12)
dues ot denature either moelecule but certainly chang s their properties (11.

Inhibition of Prothirotbin, Thrombin and Autoprotheombin € and

Prothrombin. after being acetviated, is no longcer able to give thrombin, which

clot~ fibrinogen. upon activation with thromboplastin or concentrated sodium

citrate. The prothrombin moleenle in contact with 1hx'u's;‘:mpl-t.\:in, Lowever

can he converted to acetviated thrombing Acetylated thrombin no lenger Las

the ability to clot fibrinogen but retains its ability to split synthetic subatraies

;

such a= p-toluene sulfonvibarcinine methyl ester that i< it has retained its

esteroiytic capacity. P“"’“’““ P”"“"““"”“‘ of Seegers and Landabiro (23) have

nointed to the fact that esterolvtic activity of thrombin is not abwavs coenisting

Normaily thrombin has both esterolvtie and ciotting

r

with clotting activity,
artivity,

The tact that acetylated prothrombin is netivated to give acetyhated throne

bin indicates that the amino groups acetylated in prothrombin ave probably

L Acerviated thrombin which is obtaine]

from activation of acetylated prothrombin has the

those which ave acetviated in tironihin,
=ame characteristios as
acetvinted thrombin which las heen obtained by aeetvlating iselated thrombin.

Avetvimereaptostuceinie anhyvdride has been reported to have a strong
preference for amino groups {103 Prothrombin and thrombin aetivities were
completely tost following two hours incubation with acetvlimercaptosuceinie
Auteprothrombin (' aetivity was unaffected following two hours
weuhation with acetyvlmercaptosuecinie anhvdride, but nearly all of its activity

wasJost following 24 hours incubation with this reagent.

anhyvidride.

I‘\n‘mahloh_\'de in neutral zolution reacts with free amino groups In an
equilibrium type reaction. The reaction of formaldehyvde with proteins is
complicated and, although it cannot be considered & specifie reagent, it is of
veiue when considered in conjunction with other reagents. Prothrombin activity
was markediy decreased by formaldehyde. thrombin activity was decrcased
slightly and autoprothrombin C activity was not affected until after a long
inenhation period.

Markwardt (13) found that as thrombin activity disappeared in formal-
debyde hirudin binding capacity was diminished and, with the return of
a capacity was restored. He also found that
hirudin did not combiue with acctylated thrombin. This was interpreted to
indicate that an amino group of thrombin must be available to combine with
hirudin, In another study we found that hirudin does not combine with auto-
rrothrombin (. and here we are reporting that autoprothrombin C activity is
ot last when incubated with reagents which bind amino groups,

Nitrous acid reacts with amino groups of proteins. but it also reacts with
other groups ineluding sulfhydryl and phenol. Although it cannot be considered

4

b specitic reageut, it s felt that, if it inhibits rapidly, the reaction is with amino

e

: groupsand. if slowly. it is with the phenol groups. Seegers reported in 1940 (19)
it

I
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wthrombin activity was rapidly destroyed hy dilute

that the thrombin and pi
which indieates that their activities were

solution of nitrous acid at pH 5.5,
dependent upon the integrity of alpha anuno groups,

Compiling the results of this prosest report. and those previously published,

free amino grotips are veguired for normal prothrombin and thrombin activity,

but autoprotirombin O does not appear to require amino groups foritsactivity,

Curbonyl Group

and hvdroxylamine ave known to reaet with aldehvde ind Ketone

followine
[

Hyvarazine
rothrombin and ;mtnprn(hmmhin (" aetivitios were |

gEroups.
incubation with both }v'tevn.\Ei!_\‘«lrn/.im' and hvdrexyianine, The resnits with

st

Shrombin were variable in that it retained full aciivity following incubation

with hyvdroxylamine, but decreased ~omew hat with phenvihydrazine,
y reducing disultide bonds, =odiam bisudiite w0 =aturaied

T addition t
t<owith aldebyvdes and

aqueons solition will react to form addition compoutt
iy

methyl ketones (7). Although the sodinm bisuitite incuhated with prothrombing

thrombin and antoprothrombin U
i

wis oniv 005 M the deereased avtivity noted
I of sonne vombitation with aidebivde ormethyl

coulid possibliy have been a resu

ketone cronps. Prothrombin and antoprothrombin Cactivities had the greatest

Jecrease and thrombin activity was samewhat decreased,

Oleott and Fracnkel-Conrat (1%) state that no protein group ix known to
react with hvdroxylamine or hydrazines in the concentrations used and they
draw the conclusion that fow enzymes which ave markedly inhibited by these
1w concentrations should he aseribed to the presence of prosthetic groups ot
or aldehvde groups. On the other hand. the

coenzymes containing ketone
ases. The results

inhibiting effect has not been adeyuately explained in all ¢
found here indicate that prothrombin and autoprothrombin {
decreased by inhibiting aldehyde or ketone gronps, and loss of thrombin

activity s inconclusive.

Caetivity i

Miscellaneous Reagents

Phenol solution did not decrease the activity of the clotting factors it

vestigated. 'This does not give any information about the active sites on the

molecules. but ailows the usze of phenol as a preservative agent in the preventio

of bacterial contamination if such is desired.
Progressive inhibition of thrombin activity

in agreement with the report by Nanninga (15).

v

by potassium ferrocvanide
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Summary

Numerous chemical enzyme inhibitors were employed to <{vtm'mimv‘ the
active polar groups in the prothrombin. tln‘mnhin.ap(.l :lllh)pr(»lhl‘(mﬂrl.n‘(‘
motecules. Prothrombin and avtoprothrombin C activities wore dw;'(‘usr.d by
(e reduction of disultide bonds but thrombin activity was aflected 4){1[1\‘ at
higher concentrations of reducing agent. Amino groups were not essentind fyy
the activity of autoprothrombin 0 Lhowever. the blocking of such ;;‘rm:p.«;

Lin and thrembin, The Blocking of earlioan

1 oa
d{‘("i'k‘it;"\"il vt aid

el 3 Yiy e . . . 1 N }‘,.
cTOUPS deerensed the activity of hoth prothrombin and antoprothrombin C Y

Cter R TS
avities vl procationg

rombin was nol inactivated by hvdroxylamine, The activities ob nene ot ta

hree were deereased by sulivdeyt blocking agents. Nouspeeilic onidizing
s F AR Y TS ehizine weenta

asents reduced the activities of all three moleeules; however, onidizing azen
which) enecificallv oxidize sulfhvdevl groups. were incapable of decreasing 1l
SLECT [ R ) ‘- . . P O Shvede
activities of prothrombin, thrombin or antoprothrombin (. The sulihvdnd
ol for the activities of protihr i ombin or aute

groups are not essential for the activities of prothrombin, thromb anit

prothrombin
Résumé

O a utilisé de nombreux inhibiteurs d'enzyme atin de déterminer des groupes
polaires actifsdes moléeules de prothrombine. thrombine ¢t ;mtu}n<.-t§zr4‘).n:!'>u;ul(,‘.
T activité de la prathrombine et colle de Pautoprotirombine ¢ .\:‘n.t‘ dimines
par la r{—duvti(‘n‘d(’s linisons disulfures. Pactivite de la thrombine n'est ;n‘h-. e
quaux concentrations plus ¢levies de agent rédiceteur, Les groupes anme
ne sont pas essentiels pour Pactivité de !'mnfnpr(iihl‘mf).]un(‘ ¢ p;w‘oontr:‘..”lﬂv
blocage de ces groupes diminue activité de la pl'()tm‘(.m-ln’nt(‘ et de la, mmm; )L‘
1. blocage des groupes carhonyles fait diminuer l’zu‘tn'}m de ln prut,n.-un".lmn ?.
de Pautoprothrombine C, mais la thrombine n'est pas n;actn'f'o par 'hy d’m,\ ‘ -
amine. L’activité d’aucune des trois molécules n'est bloquée par .!vs re:?(-t.l"
u groupe sulphydryle. Les agents oxydants non spécmqtd‘cs rédujsent lait‘!
vité des trois molécules, par contre les oxydants spleifiques d(*.s gro’u,)t‘f
sulphydrvles sont incapables d’altérer Nactivité de Ja: prothrombine, (‘C.,.it
thrombine et de autoprothrombine C. Les groupes smphydv:ylcs ne Sﬂj?t x“c“.
essentiels pour l'activité de la prothrombine, de la thrombine et de Vaute

prothrombine C.
Zusammenfassung

i LT e K8 m div
Zahlreiche chemische Fermenthemmstoffe wurden angg W(n‘dd. ‘u. o
aktiven polaren Gruppen in den Molekilen von Prothrombin. Throm ,.)m\\‘»
o L . . e - . g e . . A ‘1‘(‘),
Autoprothrombin C zu bestimmen. Die Aktivitit von Prothrombin x'm(ll "
" M H 3 IS rOT dert, G

prothrombin ¢ warde durch Reduktion der Disulfid-Bindungen verminactt,

§

%

¢

Inhibition of Prothrombin, Threombin nnd Autoprothrombin € SN
Aktivitit von Thrombin wurde aber nur von wesentlich hoheren Keonzen-
trationen des reduzicrenden Azens heeinfiulit, Aminogruppen waren nicht von
Wichtigheit fir die Aktivitit von Autoprothrombin (' Blockicrunyg solcher
Gruppen bivgegen verminderte die Aktivitit von Prothrombin und Thrombin,
Die Biodd

thrombin und Autoprothoombin C Thrombin hingegen wurde von Hydross -

g von Carbenylaruppen verminderte die Aktivitit von Pro-

amin nicht maktiviert, Die Aktivitit keiner der drei untersuehten Subsianzen
wrrde dureh sulfbyvedeviblockiorende A

conzien vermindert, [Tnasezifizc]
i

dierende Agenzien reduzierten die Aktivitit aller drei Molekiile: oxydierende
Agenzien hingegen, welche in spezifischer Weise Sulfhydeyleruppen oxvdicren,
vertiinderten dic ARtivitidt von Prothrombin, Thrombin oder Autoprothromn-
bin Cnicht. sulfhydeyigrappen sind also nicht von Wiehtigkeit fiir die Aktivitat
von Prothroihing Thrombin und Autoprothrombin (.
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Side-reactions in the Deoxygenation of Dilute Haemoglobin Solutions by Dithionite. By
K. Darzien and J. R, 1, O’ Briex. (Dopartiment of Biochomistry, Radeliffc Lnfirmury, Oxford)

Legge & Roughton (1050} found that an apparent
Jow terminal stage sometimes oceurred in the
deoxygenntion of sheep haemoglobin soliutions by
Jithionite at neutral pH, and obtaimed evidence
for the formation of abnormal pignents by the
action of oxidation products of dithionite, which

could invalidate their measirements of the extent of

deoxygenation with a Millikan colorimeter employ-
ing light filters. The specilic canse wis not establxhed,
but a preenrsor of choleglobin was stgpested; a few
experiments in which thie composition of thereaction
mixture was obtained from the light absorption at

378 mp. showed no slow phrse. In the course of

studies of the deoxygenation by dithionite ut pH

%-5 of hiunan hacmoglobin from normal and disensed
persons, with a modified constant fHow apparatus
{Hartridge & Roughton, 1H23) ire which the course
of the reaction is followed with a Beckman photo-
electrie spectrophotometer, we fonnd no slow phase
in forty Linetic experiments at 430 mye. and in
single experiments at 413, 465 and 560y, in-
vestigt ions of ineidental observations e during
(his work form the subject of this commnuieation:

the results =upport the conclusions ol Legge &

Roughton, and throw some further fivht on the <tde-
reactions involved,

Spectroscapic evidence has beet obtained for the
initisction of three reactions by the action of oxyeen

xvii PROCEEDINGS OF THE BIOCHLEMICAL SOCIETY

on dilite solutions of  Innnan hacmoglobin in

ditlonite, The net efleet is decreased absorption at - common intermediate:

both haemoeglobin maxima, and inereased absorption
at the 450 mye mininm and at 610-640 mp., and

i« attribnted o the formation of chaoleglobin and fast ",»;!ow
Sy g .
probubly other oxidation produets. Theso speetral dow ¥ 7
Hb<— X

changes are ore pronounced immediately atter the
reaction with oxygen, but are partinlly reversed

suyrrests -either simuliancous side-reactions or ;

fast faat
Hb+ Nay$0,+ o,———>[z] seee- -~_’>' atable oxidation products

Kinetically and spectroscopically, similar re.

during the subseguent § min. Similar slow changes
in spectral absorption follow the reduction of
oxyhavmoglobin {and methaemoglobin) solutions
by dithionite, These observations are attributed
to ihe rapid formation of an unstable compound
having i=osbestid points with haemoglobin at about
417, 445, 535 and 379 mp. (pH 8'5) and its sub-
sequent rather slow reversion to haemoglobin.
Parallel variation in the extent of the permancnt
and the transient spectral changes with pH,
dithionite concentration and pigment concentration

actions follow the addition of small concentrations
of hydrogen peroxide to dithionite solutions of
haemoglobin, and a transient compound havi:;
isoshestic points with haemoglobin in close agre-.
ment with those of X, and an absorption maximui
at 416-418 mp. (pH 8-3) has been demonstratesl.
A similar absorption maximum has been obtained
by the action of peroxide on dilute catalase-froe
oxyhaemoglobin solutions.

One of us (K.D.) wishes to acknowledge the receipt f
a grant from the Haematology Research Fund.
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Chemical Prevention of Black Spots (Melanosis)
In Frozen and Ice-stored Crustaceans by Rafael Establier

\

In a previous study, (R. Establier 1965) we carried out experiments using
potassium metabisulphite in the preservation of ice -stored crustaceans.

These experiments were done by powdering this compound in amounts of

1,000 and 1, 500 grams per box of crustaceans weighing 35-40 kilos. Under
these conditions it was proved that we could preserve crustaceans for a

period of 3 to 15 days. After the indicated experiments, others were conducted
by ship-owners of Cadiz obtaining excellent results in almost all the cases.
Following which 45 boxes of gambas (type of crustacean) that were acquired by
one of Cadez exporters, were unshipped in perfect condition by the ship ""Ola -
veagal',

When these experiments were finished, by the request of fishing ship-owners
of Cadiz and Huelva, it was agreed to continue this work on the preservation
of crustaceans with the objective of developing methods for prevention of
melanosis in frozen crustaceans and to increase the preservation time of ice -
stored crustaceans. These experiments were supported by the Direccién Ge -
~eral of Sanidad Veterinaria with their Jefaturas Provinciales of Cadiz and

1elva, the Asociaciones of Armadores of Buques of Pesca of Cadiz and Huelva
and the Intituto of Investigaciones Pesqueras (Laboratorio of Cadiz) which
carried out the technical directions of the experiments.

These experiments began on February 1966, with several experiments of ice
preservation and freezing. We had to reject many of these experiments because
or irregularities in the preparation which arrived in bad condition (generally i
without ice). In addition, a large number of projected experiments could not be !
carried through because samples were lost, generally in the ice-storage trawlers.
In the experiments with frozen crustaceans we have used several dissolved
products and in the ones done with ice we tried solutions and powders of solid
products,

Experimental Section

Material and Methods used N | i

All the chemicals used were commercialy obtained; potassium metabisulphite,
sodium hydrosulphite were from the company Derivadosidel Azufre. S, A, The:. -
sodium metabisulphite, ascorbic acid, sorbic acid, benzoic acid, sodium
benzoate and citric acid, were also commercial products but we ignore their
“ource,




2

‘The éxperimental samples were prepared in two ways, on board the trawlers.
One was by powdering the chemicals in the way described previously (R. Es-
tablier 1965) and the other by preparing solutions and immersing the crustaceans
for a definite period.

For the preparation of these last experiments, the foremen of the trawlers were
given a plastic bathtub with a capacity of 25 liters which had specific volume level
(10 to 15 liters) marked. In addition, they were given numbered bags containing
the amount of the chemicals to prepare the desired volume and concentration.
Once the solutions were prepared, 5 kilos of crustaceans were immersed and kept
for the required period. After the crustaceans were treated with the solutions,
they were put in a box with crushed ice or were frozen depending on the type of

. trawlers in which the experiments were carried through. In the ice-storage
‘experiments like the ones by freezing, the experimental boxes were separated
from the rest of the shipment that had been treated with boric acid and sodaic
hyposulphite,

When these trawlers arrived at the harbour the samples were qualified macros-
copically by a jury which was made up of representatives of the ship-owners,
~shell-fish exporters, a provincial Inspector of Veterinarian Health and a2 member
" Cadiz Laboratory of the Institute of Fishing Investigation, using the following

system for evaluation: Very Good (VG), Good (G), Regular (R), Bad (B) and

Very Bad (VB). Following, an analysis was conducted to determine the amount
of SO, in the tissues of the crustaceans. The contents of freezing experiments
samples were determined in volatile basis,

The determinations of volatile basis and SO, residual was by the methods of
STANSBY and COL (1944) and MORNIER -W%LLIAMS (1927) respectively, as
described in a previous work (R, ESTABLIER 1965).

In the freezing experiments the samples analysed for SO, residual were then
defrosted and put in crushed ice for 48 hours, following which the crustaceans
were again examined macroscopically to see if they had been affected by melanosis-
during this period, ‘

‘Analysis of Results

Table I summarizes 28 experiments carried through on board the freezer trawlers
and Table II shows the results of the analysis of S residual and of the macroscopic
examinations of the samples on arrival at the harbour following 48 hours in ice.

-The chemicals used in prevention of melanosis of frozen crustaceans were: sodium
rdrosulphite, sodium hyposulphite, potassium and sodium metabisulphite, citric

15
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acid and the combination of citric-ascorbic acids. Following is a brief summary
of the experiments done with these compounds: ' '

The experiments with sodium hydrosulphite were 8 (experiments number 15, 20,
21, 22, 25, 26;"and 28 from Table I) on board trawlers '"Ubaldino Queiroz", "Ja-
cinto Verdaguér", "Consuelo Veiga'' and "Salvedina!'. In these experiments we
have used 2.5, 3.5, 4, 4.5, 5, 6 and 7% solutions of sodium hydrosulphite with
the same period of immersion (5 minutes), The periods of preservation of
experiments with solutions of sodium hydrosulphite range between 39 and 93 days,
showing that in all experiments they had excellent results (Table II) no symptons
of melanosis was seen in any case, on harbour arrival or after 48 hours in ice,

following defrosting.

The contents in SO, residual of these experiments have ranged between 5.98 and
18. 10 mg SOZ/IOO' gr. tissue. In these residual contents we can appreciate some
irregularities as in experiments 27 and 28 where the results are much too high
compared to other experiments. These irregularities are probably due to keeping
the samples immersed in the solutions for a longer period than stated in the
instructions.

welve experiments with potassium metabisulphite were conducted on board the
freezer trawlers in Cadiz '"Salmedina', "Consuelo Veiga', ""Ubaldino Queiroz"
and "Esmeraldo Dominguez' with preservation periods ranging between 41 and 93
days, using 2 to 5% solutions and bathing periods of 2 to 7 minutes.

It has been provea that for the treatment to be effective a minimum coricentration
of 3% and a maximum of 4 to 5% is required with bathing periods of 3 to 5 minutes,
In the 12 experiments conducted,only one showed melanosis in the crustaceans
(experiment 1, Table II) in which a 2% solution was used, in the other experiments
crustaceans were very well preserved on harbour arrival and after 48 hours in
ice, following defrosting. ‘

We should remark that experiments summarized under numbers 10 and 11 belong
to shipments of around 10 tons of ""Chorizo blanco" (Aristeus antennatus) and 1.5
tons of gambas (Parapenaeus longirostris Lucas) respectively. The "Chorizos
blancos! like the gambas in these shipments arrived in perfect conditions and
were normally sold, : S

Experiments 17, 18 and 19 were samples from a shipment of about 22 tons. of
crustaceans that were prepared with potassium metabisulphite by the ship-owner
of the trawler "Esmeraldo Dominguez!'. These samples summarized in Table I,
rere supplied by the foreman of the ship and although the result of the analysis
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of SO» residual was not as normal, they did not show symptoms of melanosis,

even after 48 hours in ice. After the examination of samples that they gave us,

it was seen that in the shipment of gambas, about 10 tons, some boxes were
affected by melanosis, because they were not treated correctly on board. The

rest of the shipment of crustaceans '"Chorizos rojos'' (Plesiopenaeus edwardsiansJ.)
and ''blancos'' and '"quisquilla'" (Leander Sp) were normally sold.

In the experiments 8, 14 and 24 we used 3.5, 4, 5% solutions of sodium metabisulphite
(see Table II) obtaining excellent results in the 3 experiments, with preservation
periods of 39 to 93 days.

With sodium hyposulphite two experiments were conducted (4 and.9 from Table I)
using 3 and 5% solutions, In experiment number 3, that was done with "Chorizo
rojo', no symptoms of melanosis was seen. Number 9 was done with gambas
after 68 days of preservation, the frozen crustaceans did not showed black spots
after 48 hours in ice, it was estimated that 80% of gambas had black heads caused
by melanosis.

The experiments done with citric acid (experiments 5 and 16) had the same results

as the experiments with sodium hyposulphite, that is, the experiment done with

""Chorizos rojos'" was not affected by melanosis while the one with gambas, following
3 hours in ice, 70% of the crustaceans were black.

With the combination of citric-ascorbic acid only one experiment was conducted
(number 3) with "Chorizos rojos' that gave a negative result with 20% melanos1s
in the crustaceans treated with these compounds,

Besides~ the experiments in freezer trawlers named in Table I, 8 experiments were
done in the trawler '""Cesar Cuifias' of Huelva with solutions of potassium
metabisulphite, sodium sulphite, sodium hyposulphite, citric ascorbic and glucose
acids. In all these experiments gambas were affected by melanosis, including

three experiments done with 2.5, 4 and 7% solutions of pbtassium metabisulphite
with periods of immersion of 2 minutes. The results of the analysis of S residual
were very low and all the samples had strong smell of petroleum, they have not been
included with the conclusions since there were definitely some irregularities made
in its preparation,

B. Ice-stored Crustaceans

In the experiments done on board ice-storage trawlers treatments were by immersion
of crustaceans in solutions and powder of the chemicals.

[5
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.’otassim metabisulphite and sodium hydrosulphite were used in the experiments
of immersing the crustaceans in solutions. . Table III shows results of the n _
analysis of SOZ residual and contents in volatile basis, together, with estimations
obtained in the macroscopic examinations of the crustaceans on arrival at the
harbour,

Using 6.5 and 10% solutions of potassium metabisulphite, three experiments were -
done (experiments 1, 2 and 3, Table III). Experiments 1l and 2 were done with
gambas, 6.5 and 10% solutions with a bathing periods of 2 to 3 minutes. Both
experiments after 9 days of preservation on board, arrived in good condition,
showing only (experiment number 1) 0. 5% of black gambas because they were not
covered properly with the solution, Experiment number 3 was done by immersing
the sample of gambas in 10% solution of potassium metabisulphite for 5 minutes.
After 17-18 days of preservation on board 5% of the gambas were black and the
crustaceans were soft. We should remark that the sample had good smell and
normal content in volatile basis, which shows that decomposition had not yet began
after 17-18 days. This is because during the trip the sample was kept in a cool
enough imperative as the ship in which the experiment was done "Apostol San
Andrés" has climatized storage area. This was also-proven with other samples
of quisquillas (type of crustaceans) prepared by powder of potassium metabisulphite
on the ship (experiment 21, Table IV) which had no melanosis after 17-18 days
board and were qualified Very Good.

In table III are summarized 6 experiments done by immersing the crustaceans in
solutions of sodium hydrosulphite and followed afterwards in ice (experiments 4
and 9). In these experiments they used 8, 10, 12 and 15% solutions of sodium
hydrosulphite with treatment period s of 5 to 10 minutes,

In these experiments we observed no symptoms of melanosis except for experiments

4 and 5 where they were a small proportion of black spots (2 and 5%) because of
irregularities in bathing of crustaceans. However, it was observed a tendency

 of softening of organic tissues in the heads of the '""Chorizos! with lost of the

hepatopancreas and separation of the gambas® heads.

Experiments with powder of the chemicals over the crustaceans and preservation

in ice boxes are detailed in Table IV along with the results of the SO, residual

analysis and volatile basis together with macroscopic examinations, In these

experiments we have used combinations of sodium hyposulphite, potassium

metabisulphite, benzoic and sorbic acids, sodium benzoate and 1nd1v1dually potassium

metabisulphite and sodium metabisulphite,

In experiments 1, 2 and 3 combinations of sodium hyposulphite, benzoic and sorbic
acids, sodium benzoate were used in proportions shown in table IV. The three

periments after 14 days of preservation on board showed negative results
~ecause 90% of crustaceans were affected by melanosis.

On the trawler "Navarral!', experiments 6 to 10 were done by using potassium

15
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.netabisulphite and combinations of this product with benzoic acid and sodium
benzoate (see Table IV). The gambas belonging to these 5 experiments arrived

in a state of decomposition even though there were samples with only 7 days

of preservation on board, all these were not counted because of irregularities

in its preparation or defects in the preservation on board (lack of ice in all

the boxes). In previous experiences {Establier 1965) and in the same experiments
done afterwards (Table IV experiments 11, 12, 13, 17, 18 19, 20, 21 and 22) it
was proved that crustaceans treated with potassium metabisulphite were well
preserved by longer periods.

Experiments 4 and 5 done in the trawler "Maria Cordero" were carried through
with potassium metabisulphite, with preservation perdios on board of 16, 17
and 19 days., These experiments showed that the gambas were not affected by
melanosis but showed symptoms of being decomposed with total lack of ice
during the experiments,

Experiments 11, 12 and 13 were done on the trawler "Queipo de Llano', the

first two with potassium metabisulphite and number 13 with sodium metabisulphite,

with 16 days of preservation of experiments 11 and 14 days for 12 and 13,

Experiment number 11 was done with ""Chonzo blanco''with no symtoms of melanosis

after 16 days, and qualfied as regular as the crustaceans had suffered softening
organic tissues. Experiments 12 and 13 were done with gambas, with no

wymptoms of melanosis after 14 days of preservation (12 on board and 2 in

storage). We should remark that boxes of these experiments had lots of ice and

before being examined they were preserved 2 days in the storage at 2-40C.

Experiments 17, 18 and 19 were done on board the ship "Jumar" using potassium
metabisulphite with preservation periods on board of 14, 13 and 12 days accordingly.
The macroscopic examination showed 1.10 and 10% of melanosis probably due to
irregularities in the distribution of the product, and qualified as Good and Very
Good, The boxes of these experiments had enough ice,

Experiments 40 and 22 were done on board the trawlers "Virgen de la Caridad"
and "Verdel" with ""Chorizo rojo" and using potassium metabisulphite. No

melanosis showed after 15 and 14 days respectively. The other characteristics..... .. .-

were qualified as Good and Very Good except for smell and texture of experiment
22 that was Regular due to some '""Chorizos' had crushed heads (the ones at the
bottom of the box). "

Experiment number 21 was done in the trawler with climatized storage "Apostol
San Andrés" with quisquilla and using potassium metabisulphite. After 17-18
days of preservation on board it did not show symptoms of melanosis and was

15
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as qualified Very Good,
Summary and Conclusions
28 experiments were done on board freezer trawlers with solut1ons of d1ffe-i:;n‘th"‘::'.':‘:}E’

chemical products with the objective of preventing melanosis in frozen crustaceans.
Of the chemicals experimented with, excellent results were obtained with potassium
metabisulphite, sodium hydrosulphite and sodium metabisulphite,

Using 3 to 7% solutions of these compounds and immersing the crustaceans in
these solutions for 2 to 5 minutes, melanosis is effectively prevented in frozen
crustaceans and following defrosting can be kept 48 hours in ice without .showing
symptoms of melanosis (Tables I and II), This period of 48 hours seems more
than enough to do the manipulations necessary in the commercial uses of frozen
Exxx crustaceans. The contents of SO, residual of these experiments has range
between 4,15 and 18,10 mg of SO /100 gr. » percentages that are way below the
limits allowed.

In ice-stored trawlers 31 experiments were carried through, 9 using solutions a.nd
bathing the crustaceans and 22 by powder chemicals directly,

Tn the 9 experiments on immersing the crustaceans in solutions before being put
ice, we have only used potassium metabisulphite and sodium hydrosulphite.

—f the results stated in table III,it shows that blackening of crustaceans is prevented

by use of 6.5 and 15% solutions with immersing periods of 3 to 15 minutes.

However, in periods longer than 9 days of preservation on board, a tendency for

softening of organic tissue in the heads of the '"chorizos' has been noted,

Of the powder chemicals used in 22 experiments in the ice-stored trawlers

positive results were obtained with potassium and sodium metabisulphite, Some

of the experiments done cannot be taken into account (ship ""Caridad" and "Navarra!
and "Marfa Cordero" Table IV) since the experimental boxes on arrival to harbour
were lacking ice, not showing however, symptoms of melanosis, even after 19
days of preservation on board. The crustaceans of these experiments were in well
advanced state of decomposition including experiments with only 7 days of
preservation (Table IV, experiment 10),

In the experiments on board the trawlers "Queipo de Llano" "Jumar" "V, de la
Caridad'(stet from 22/11/66) and "Apdstol San Andrés" very good results were
obtained after 14, 15 and 17 days of preservation on board and it is necessary to
remark that all these experiments were carefully done, having the boxes enough
ice during the trip.
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serefore, we arrived to the conclucion that there is no problem in prevention of
.nelanosis of frozen crustaceans with bathing in solutions of potassium or sodium
metabisulphite or sodium hydrosulphite; resulting in perfect preservation without
any symptoms of melanosis even after 48 hours in ice following defrosting. With
respect to ice-stored crustaceans we arrived to the conclusion that for periods
above 12, 14 days of preservation of crustaceans on board the trawlers it is
necessary that the boxes have during the trip enough ice, being almost imperative
that ships have climatized storage areas.

These was proved in the experiments done on board the trawler "Ap6stol San Andrés™

in which a box of quisquillas treated with potassium metabisulphite after 17-18
days on board did not show symptoms of melanesis and was qualified as Very Good,

Acknowle d;gement

We would like to show our appreciation for the cooperation on this work by

the Gentlemen R. Garrido and R. Cabrerizo, provincial inspectors of Veterinarian
Health of Cadiz and Huelva, to D.M. Veiga, Chairman of the Cooperative of ship-
owners of Fishing Vessels of Altura and Huelva to D.J. Gestoso, foreman of the
Cofradfa of Pescadores of Cadiz and to the ship-owners, foremen of the g trawlers
where the experiments were conducted.

1rthe r we thank Mr. A. Fernandez of Undustrias Gaditanas del Frio S, A, Mr. E.
Juintana of Crustaceos x de Andalucia, and Mr, D.J. Sibon, ship-owner of Freezer
trawlers for their help.

15



15

Table I
Experiments conducted on board Freezer Trawlers

Experiment Trawler Date of Date of days of crustacean chemical used Treatment and
No. _ ~ departure  arrival preservation bathing period
) Table II
Results of analysis and macroscopical examinations conducted in the experiments carried out on freezer trawlers
Macroscopical examination frozen crustaceans Macroscopical Exam after 48 hrs, in ice

S@z residual

| Experiment mgr/100

No, tissue . Melanosis Color Smell Taste Texture Melanosis Cplor smell taste texture

%o %

Table III
Experiments conducted by immersion of crustaceans in solutions of potassium metabisulphite and sodium
hydrosulphite on board the trawlers by ice-sotrage

Days of
Experiment Trawler Date of Date of preser- crustaceans chemical used Conc, of Sol, and
No, departure arrival vation on bathing period
' board
S@_residual Volatile basis Macroscopical examination on arrival to harbour

mg/100 gr, mg/100 gr Melanosis % Color Smell Taste Texture
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Table IV
Experiments conducted by powder of chemicals in ice-starage trawlers
: Days of
Experiment Trawler Date of Date of preser-  Chemical used Dosification Crustacean
No. departure arrival vation on

board

Macroscopical examination on arrival to harbour
SO, residual Volatile basis Melanosis Color Smell Taste Texture
mg/100 gr mg/100fix . % . -
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per
RAFALL ESTABLIER

Fn un trabajo anterior (R FSTABLIER, 1065 ddbamos a conocer las
experiencias gque realizamos cimpleando metabisalfito potixivo en la con-
cervacion de crusticeos almacenados con hielo, Fstos ensayos e hicieron
espolvoreando este compuesto en proporeiones de L0 a 1500 gramos por
cuja de erusticeos de 35-10 Kilos. Fn estas condiciones se comprobd que
se podian conservar los crusticeos por un periodo de tiempo comprendido
entre los 3 v 15 dias despucs de haher sido preparadas Jas eajas experi-
mentales, Con posterioridad a las experiencins indicadas se hicieron al-
cunas mids por cuenta de los armadores de Cidiz, obteniendo cu la casi
totalidad de los casos excelentes resultados, Asi el barco «Olaveaga» de-
sembared 15 eajas de gmnbas en perfectas condiciones que fueren adqui-
ridas_por uno de los exportadores de Cidiz.

Finalizadas va estas experiencias se acordd, a peticién de los armado-
res de buques de pesca de Ciadiz v Huelva, seguir realizindolas en la con-
servacion de crusticeos pero encaminadas principalmente a ponera puanto
un tratamiento para la prevencion de la melanosis en los crustdceos con-
gelados y a tratar de encontrar NUevos tratamientos para aumentar el
tiempo de conservacion de los crustdeeos almacenados en hielo. Kn estas
experiencias colaboraron la Direccion General de Qanidad Veterinaria
con sus Jelatures Provineiales de Cidiz v Huelva, las Asociaciones de
Armadores de Buques de Pesea de Cidiz v Huelva y el Institato de In-

* Tecibido para su publicacion el 4-N1-67.
** Tahoratorio del Inst. de Invest. Pesqueras. Puerto Pesquere. Cima.
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vestigaciones Pesqueras (Laboratorio de Cddiz), que fue el que llevd la
direccidn técnica de las experiencias.

Estos ensayos se empezaron a realizar a partir de febrero de 1966,
haciéndose numerosas pruebas tanto de conservacién por hielo como por
congelacidn. Muchas de estas experiencias tuvimos que desecharlas ya
que por irregularidades cometidas en la preparacidn, ajenas a nuestra
voluntad, Hegaron en malas condiciones (generalmente falta de hielo).
Por otro lado, un buen mimero de las experiencias proyectadas no se

pudieron realizar por pérdida de las muestras u olvido, principalmente .

en los barcos de conservaciin por hielo,

En las experiencias realizadas con crusticeos congelados hemos em-
pleado diversos productos siempre en disolucién y en las hechas con
hielo se experimentaron también soluciones y espolvoreo de los productos
solidos.

PARTIE IXPERIMENTAL
MATRRIAL Y METODOS EMPLEADOS

Todos los productos empleados han sido de tipo comercial, asi el me-
tabisulfito potdsico, hidrosulfito stdico e hiposulfito sédico procedian de
la firma Derivados del Azufre, S. A. El metabisulfito s4dico, dcido ascér-
bico, :cido sdrbico, dcido henzoico, henzoato sédico y deido eftrico tam-
bi¢n eran productos comerciales pero ignoramos su procedencia.

La preparacién de las muestras experimenta'es se hizo a bordo de
los pesqueros de dos formas. tna expolvoreando los productos de la
manera descrita en un trabajo anterior (R. Esrtannier, 1965) v la otra
preparando soluciones de los prodnctos e introduciendo en ellas los crus-
tdceos durante un tiempo determinado.

Para la preparacion de estos ltimos ensavos se les entregd a los con-
tramaestres o patrones de las emibarcaciones un bafio de pldstico de unos
25 litros de capacidad que tenia marcado un nivel que correspondia a un
volumen determinado (10 a 15 litros). Aszimismo se les entregaba también
bolsas numeradas conteniendo la cantidad del producto correspondiente
para preparar el volumen marcado en ¢l baiio a la concentracién deseada.
Una vez preparadas las soluciones, se introducfan dentro del bano pot-
ciones de 5 kilos de crustdceos v se mantenfan dentro de ¢l el tiempo in-
dicado. Una vez tratados los crusticeos con las soluciones se pusieron
éstos en una caja con hielo triturado o se congelaron segin el tipo de
barco en que se realizaran las experiencias. Tanto en los ensayos de con-
servacion por hielo como en los hechos por congelacidn, una vez prepa-
radas las cajas experimentales se colocaron separadas del resto del car-
gamento que habia sido tratado con :icido bdrico e hiposulfito sédico.
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Una vez Negados a puerto los barcos que habfan preparado las cajas
experimentales. se calificaron organol¢pticamente las muestras por un
jurado que en In casi totalidad de las experieneias estaba compuesto por

un representante de los armadores. un oxportador de mariscos, el inspec-

tor provineial de Sanidad Veterinaria ¥ un micmbro del l.aboratorio de
Cadiz del [nstitato de Tnvestigaciones Pesqueras, empleando el siguiente
sisterma de graduacion - Muy Bueno (AT13), Bueno (B). Regular (R),
Malo (M) y Muay Malo (M. Procedidndose posteriormente a efectuar
los oportunos andlisis para deterninar ol contenido en SO, retenido en los
tejidos de los crustdiceos. .\ las muestras correspondientes a los ensayos
de conservacion por hiclo se les determing también el contenido en hases
volitiles,

T.as determinaciones de bases volitiles y SO, residual se hicieron por
los métodos de STaNsny v col. (JUM) ¥ NoNtER-WILLIANS (1927) res-
pectivamente de la forma deserita en un trabajo anterior (R. INS$TABLIER,
1065).

in las experiencias bechas por congelacion, una vez tomadas las
muestras para realizar los andlisis de SO, residual, se descongelaron y
sc pusieron con hielo {riturado durante I8 horas. Una vez pasado este
ticmpo, se volvieron a examinar organolépticamente los crusticeos al
objeto de delerminar si habfan sido afectados de melanosis éstos durante
este periodo.

ANALISIS DE LOS RESULTADOS

A, Crusticeos congelados.

En la tabla n.” 1 estin resumidas las 28 experiencias realizadas a
bordo de los barcos congeladores v en la tabla n.° 1T se dan los resultados
de los andlisis de SO, residual v de los exdmencs organolépticos de las
muestras a la llegada a puerto de las misimas v despuds de consetvidas
48 horas en hielo. .

T.os productos empleados en la prevencion de la nelanosis de los
crusticeos congelados han sido : hidrosulfito sédico, liposulfito sddico,
metabisulfito potdsico v sédico, dcido citrico y la mezela de dcidos citrico-
ascdrbico. A continunacién se hace un breve resumen de los ensayos rea-
lizados con estos compuestos.

T.os ensayos realizados con hidrosulfito sédico han sido 8 (ensayos
n.* 15, 90, 21, 22, 25, 26, 27 y 28 de la tabla n.° 1), efectuados en los
barcos «"baldino Queiroz», «Jacinto Verdaguer» (2 nareas), «Consuelo
Veiga» y «Salinedina». Fn estas experiencias se han utilizado soluciones
de hidrosulfito sodico al 2,5, 3,5, 4, 4,5, 5, 6 y 7 %, habiéndose mantenido
en todos los ensayos constante el tiempo de inmersién (5 minutos). Los




TABIL A

Ensuyos readizados a bordo de hareos conecladores

. . . i . .
l-.:::w Bayreo 1\';[:‘_: L:.;":;l\{{:\ D CRUSTACED Proneerny EMpLEADO v xl;:,{:f:;gf\:fﬂo
. CONRERY .
1 Nahmedina 1. 266 2. 4.66 8Y Gaanbas Meotabisulf, Potdsico Sol. 2 % 3 minutos
2 . 1- 2.66 2. 466 RS Gambns Metubisnlf, Potdsico Solb 49% 3 »
H . Veiga 2014 i 6-66 6 Cliorizos e Citrico.-fe, Asedr. Nol. 05 % 2 »
i 2. 466 fi- 666 76 Charizos Hiposulfito Sadico Sol. 3 % 2 »
3 IR He 6566 i Chorizos Aecido Citrico Soll 1.5 % 2 »
[ 11- 666 25, K66 68 Cranbas Motahisnlf, Potdsico Solb 3% 2 »
7 11. 6.66 RE PN 683 Guambas Motabisnif, Potdsieo Sol, 5% 2 »
= 11. 6.6 24 K66 608 Granihas Metabisnitito Sodico sol. 39 2 »
[ 11- 6.66 RSN HH 8 (rambas Hiposulfite Sodico sol. 5% 9 »
10 1. 666 23 866 (552 Chariz. bl Metahisulf, Potdsico Solh 5% 5Ty
11 . 11- 66t 23, R6H6 68 Gambas Metabisulf, Potdsico Soll 3% 57 0»
12 Ubalding Queires 17. 766 1-10.66 w3 (iambas Metabisult, Potdsico Sol, 2.0 % 38 »
13 17. 7.66 1-10.66 oy Grambas Motabisulf. Potdsico Sol. 4% 3 »
It - 17- 7-66 1.10-66 93 (rambas Metabisulfto Sadico Nol. 835 % 7 »
15 17 766 1-10-66 W3 (rambas Hidrosulfitn Sddico Nol, 2.5 % 8 »
16 = 17- 7-66 1-10-66 a3 Grambes Aeido Cltrico Sol, 1% 3 »
N Fosneraldn Doaning, 25-10-66 12.12-66 41 Gambas Metubisulf. Potasico Sol, 3% 5 »
18 N 5 25 10.66 12.12.66 41 Choriz. roj. Metabisulf. Potazico Sol. 5% 5 »
19 ) » 25-10.66 12.12.66 41 Choriz, bl. Meotabisulf, Potdsico Solb b % 5 »
20 Jacinto Verdaguer N 267 26. 3.6 30 (rambas Hidrosulfite Sadico Sol. 4% 5 »
1 N \ K. 2.67 26- 3.07 30 (rambasx Hidrosulfite Sodieo Sol. 4.5 % 5 »
22 N . R. 2,67 J6. 367 349 (rambas Hidrosulfito Sédico sol. 5% 5 »
20 > » 8- 2.67 26- 3-07 39 Gambas Metabisuif. Potdsico Sol. 3% 5 »
24 Consuelo Veiga 0. 167 27. 367 65 Crambas Metabisulfito Sédico Sol. 4% 5 »
i » r-‘ 9. 1.67 27865 635 (rambas Hidrosnlfto Sédico Sol. 4% 5 »
26 Jacinto Verdaguer 29. 3.67 15. 5-67 42 Gambas Hidrosulfito Ssdico Sol. 6% 5 »
37 » 2 20. 3.67 15- 567 42 ‘Gambas Hidrosultito Sodico Sol. 7% 5 »
98 Suhneding 23. 2.67 1. 6-67 60 Ganbas Hidrosulfito Rodieo Sol. 3.4 % 5 »
*
'
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TABL A T

Resultados de o analisi= 5 cxdmenes organolépticos cfectuados on Tns oxperiencias realizadis 1 hordo de los barecs congeladores

Fxawiy e asoLEiTICO DESPULS DE 48 HORAS

N IE
LN OIHIELS

L TP N R L TR T N : N WL N N
Foxasiey Onoasoiirrens s Conarnanos

SO, RESIDUAY

- mar 100 M- ML
b Pramo NOSIS Cotonr Oror sanor TENTURA NOSIS Coror OLonr SaBor  TEXTCRA
i 2.0 t MB AR MR \NB D0 B MB MB MB
2 =0 0" MB MB MB MB 0 MB MB MB MB
3 ' " MB MB B B 20 B B B B
§ 0 AR MR B B 0 B B B B
5 0" MB M B B 0 B B B B
I8 KLY t B MR MB MB 2 3 " MB MDB MB
n ERIH 1l MB MB M B MB 0 MB AMB MB MB
= N 2 u B MB MR MB ¥ MB MB MB MD
0 " B MB MB MB &4 M B MB B
io 1.60 0 MB MB MB MB 0 MB MB MB MB
11 ERUT 0 MB MB MEB MB 0 MB MB MB MB
12 =) 0 MB MB MB MB 0 MB MB MB MB
1 0T [0 MB MB MB MB 0 MB MB MB MB
1 NS 0 MB MB B MB 0 MB MB MB MB
15 [} N B MB MB MB ] MB MB MB MB
16 [t B MB MB MB At M B B MB
17 560 i MB MB MB MB 0 MB MB MB MB
1= () " MB MB MRB MB 0 MB MB MB MB
1 6,50 0 MU MB MB MB [0 MB MB MB MB
20 .00 o MB MRB MB DB 0 MB MB MB MB
21 .61 0 MB MR MB MB 0 MR MB MB MB
2 10,23 0" MB MB MB MB 0 MB MB MB MB
2 N0l 0 MB MB MB MR 0 MB MB MB MB
2 o « MB MB MB MB (T AlB \MB MR AMB
20 AL 0 MB MB MB MR 4l B ALB MB MB
26 PR 0 MR M8 MB MB 0 MB MB MB MB
27 18,10 1] MB MB MB MB 0 MB MB MB MB
2R 15505 (§] MB MB MB MB i} MB MB MB MB
ce.
. 1N
- 1Y

SOV HADNND SOIIVISIUD Ad ODINAIRIDANDANNT LI NOIDNHAFHL



60 RAFAEL ESTABLIER

tiempos de conservacién de las experiencias realizadas con soluciones de

bidrosulfito z6dico han oscilado entre los 30 y 93 dias, viéndose que.

todas las pruchas efectuadas han dado excclentes resultados (ver tabla
n.° Y1) va que en ningin caso se han apreciado sfntomas de melanosis
ni a la llegada a puerto ni despucs de mantener los crusticeos, una vez
descongelaidos, 48 horas en hielo. T.os contenidos en S0, residual de estas
expericncias han oscilado entre 508 v 18,10 mg SO,/100 gr tejido. Xn
dichos confenidos residuales se aprecian algunas irregularidades tal como
Jas de los ensavos 27 y 8, cuyos andlisis dan resultados excesivamente
altos con relacisn a los restantes ensayos. Jistas anomalias son probable-
mente debidas a maniener las muestras sumergidas en las soluciones un
tiempo superior al indicado en las instrucciones dadas para la realizacién
de los correspondientes ensayos,

Con metabisulfito potdsico se controlaron 12 experiencias a bordo de
los harcos eongeladares con hase en (ddiz, «Salmedinar, «Consuelo Vei-
gav, «Ubaldino Queircz» y «lFsmeraldo Dominguez», con ticmpos de
conservacion comprendidos entre los 11 v 93 dias. FLas soluciones emplea-
das de metabisulfito potdsico han sido del 2 al 5 9, ¥ los tiempos de bano
de 2 a 7 winntos, Se ha comprobado que son necesarias concentraciones
minimas del 3 % para que scan efcctivos los tratamientos, siendo el
éptimo emplear soluciones del 1 al 5 %, y tiempos de bano de los crusti-
ceos de 3 a 5 minutos. En las 12 experiencias realizadas, {an sélo se han
aprecindo crusticeos afectados de melanosis en una de ellas (ensayo
n.° 1, tabla 11, que se empled solucidn al 2 %, en las restantes experien-
cias se han conservado los ernstdceos muy bien tanto en las apreciaciones
de 1a Negada a puerto como después de conservados, una vez desconge-
ladas las wuestras, I8 horas en hielo.

Ex de hacer notar que los tnsayos reseiiados con los niineros 10 ¥ 11
corresponden a partidas de unas 10 toucladas de «Chorizo blancow (.1ris-
teus antennatus, R v 1,5 toneladas de gambas (Parapenacus longiros-
tris T.ucas) respectivamente, Tanto los «Chorizos blancoss como las gam-
has correspondientes a estas partidas llegavon. en su totalidad, en per-
fectas condiciones v furron vendidos normahnente. Los ensavos 17, 18
v 19 corresponden a muestras representativas de un cargamento de unas
29 toneladas de crusticeos que fueron preparadas con metabisulfito po-
tisico por iniciativa del armador del barco «Esmeraldo Dominguezs, hi-
chas muestras, reseiiadas en la tabla n.® I, nos fueron suministradas por

“ el contramaestre de la cmbarcacion y aunque ¢l resultado de los anilisis
de S0, residual era ligeramente inferior a lo normal. no presentaron
sintonias de melanosis ni ann despuds de 15 horas en hiclo. Con posterio-
ridad al examen de las muestras que nos entregaron se vio que en la
partida de gambas, unas 10 toneladas. habia algunas cajas afectadas de
melanosis, debido a que no fueron tratadas correctamente a bordo. El
resto de la partida de crusticeos «Chorizos rojoss [ Plesiopendeus edward-
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sianus (J)] y «blancor» ¥ quisquilla (Lcander Sp) fueron vendidos nor-
malmente.

ko los ensayos 8, 14y 24 se emplearon soluciones al 3,5,4y5 % de
metabisulfito sédico (ver tabla n.® IT), obteni¢ndose en las tres expe-
riencias realizadas excelentes resultados, con tiempos de conservacion
de 39 a 93 dias.

Con hiposulfito sddico e realizaron dos cusayos (1y 9 de la tabla

n.° 1) empleando soluciones al 3 yalh %. Inclensayo n.° 3, que se rea-"

lizd com «(lorizo rojo», no se apreciaron gintomas de melanosis. 1n el
n.¢ 9 que se hizo con gambas, despucs de 68 dias de conservacidn, no se
apreciaron manchas en los crustdceos congelados, pero después de man-
{enerlos 18 horas en hielo se estimd un 80 % de gambas con la caheza
ennegrecida por efveto de la melanosis.

Con los ensayos ofectuados ntitizando soluciones de dcido cltrico (en-
savos 5 v 16), peurria lo mismo que ¢on Jus pruchas hechas con hiposnl-
fito sodico, es decir, que ¢l ensayo realizado con «('horizos rojos» no fue
alectado de nclanosis mientras que ¢t o1 realizado con gambas, despucs
de mantener la muestra 18 horas en liclo, se le aprecié un 70 o, de crus-
{4ceos ennegrecidos. _

Con la mezcla de dicido eltrico-icido ascorbico se realizd un solo en-
sayo (el n.* 3) con «horizos rojos» que dio resultado negativo ya que
ge aprecio un 20 o) de melanosis en los crusticeos tratados con estos
compuestos. ’

Aparte de los ensayos el bugques congeladores especificados en la
{abla n.° T se realizaron en el barco «'ésar Cuifiasn de Tuelva, 8 expe-
riencias con soluciones de metasulfito potdsico, sulfito sédico, hiposulfito
sodico, dcidos citrico ¥ ascarbico v glucosa, 1on estos ensayos se aprecio
en todos gambas arectadas de melanosis, incluso en los tres ensayos he-
chos con soluciones de netabisulfito potdsico a las concentraciones del
05,4 v T v Uempo de immersion de 2 minutos. Como quiera que los
resultados de los anilizis de SO, residual eran muay bajos y todas las
muestras presentaban fuerte alor a petréleo, no se han tenido en cuenta
al sacar las conclusianes, ya que mmdudablemente se cometieron jirregulari-
dades en su preparacion.

B. Crastdceos canserrados por hiclo.

Fn las experiencias realizadas a bordn de havcos de conservacion por
hielo so han ensavado tratamicntos por inmersion de los crusticeos en
soluciones de los productns empleados v por espolvorco.

Iin los ensavos realizados snmergiendn los crusticeos en soluciones,
se han empleado vmicamente etabizulfito potdsico e hidrosulfito sddico.
Fn la tabla n.o 11 se dan las experiencias de este tipo que se han reali-
sado asi como los vesultados de los andlisis de =0, residual y contenido

15
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TABLY

Experiencins realizadas por inmersion de los erusticeos en soluciones de’ Melal;

kN . Yecnws . Froms p :):S Crus- Propucra
|0 Binrco SALIDA . LLEGADA SERV, A . TiCEOS EMPLEADO
n.« BORDY
-~
1 TFrancisea Correa 4- 6-66  11.6-66 Q Gambas  Metabisulf. Poldsie
2 Franeiseo Correi - 006 14.6-66 1] Gambas Metabisulf, Potdsie
B Apdstol San Andrs 13-12.606 3-1.67 1718 Gambas Meutabisulf, Potiicin
4 AL Camipelo 13, 2.67 3-3-07 16 Chorizos Hidrosulfito 8ddie,
5 AL Campeln 13- 267 3-3-67 11 Ganhas Tidrosulfito Nddie,
t o Noroeste 270 267 15367 14 Chorizos  1lidrosulfito Sadi
v Verdo ! 23, h-67  12.6.67 11 (rinbas Hidrosulfito Sédie,
= Verdel 230 567 12.6.67 11 'horizos Hidrosulfito Sodioa
0 Verdel 22, 6567 19-7-67 15-16  Chorizos idrasulfito Sadie,

en bases volitiles, junto con las estimaciones obtenidas en los exdmenes
urgunolﬁpti('hs de los crusticeos a la Hegada a puerto de las cajas expe-
rimentades,

Fmpleando soluciones al 6.5 v 10 9, de metabiznlfito potisico se han
realizado 3 experiencias tensayos 1, 2 v 3 de la tabla n.® 1TH. Los en-
savos 1 v 2 se realizaon con gambas v soluciones al 6.5 ¥ 10 9% con una
duracion del bano de 2 a 3 minutos ; ambos ensavos, después de 9 dias
de conservacion a hordo, Hegaron en buenas condiciones, apreciindose
tan solo en el ensivo 0. 1 oun 0.5 9% de gambas negras debido, proba-
blemente, a que no se cubricron bien von Ja solueion,” Fl ensayo n.° 3 se
hizo smnergiendo las gambas de T nestraen solneidn al 109, de meta-
hisulfito potisico durante 5 minutos, Despuds de 1718 dias de conser-
vacion 4 bordo se aprecid an 5 0, de gambas negras voque los crusticeos
w encontraban algo blindos, vicndose tanbidn gue la muestra se habia
preparado con gambas recién mudadas por 1o que ta apreciacion de lu
textira no se podia laeer corvectunente. Fs de hacer notar que esta
matestra presentaba buen olor voun contenida en hases volitiles norinal,
lo que indic que despuds de 191 dias no habia comenzado ain L des-
conposicion, Fxto ex debido a gque a T muestra no e faltd durante toda
L travesta ni hielo ndoel (o necesrio v que el bareo donde se realizd
experiencia CaApostol San Andrése tiene las bodegas climatizadas.
Foxte hecho se conprobd tambien en otras muestras de quisquillas, que
<o prepard expolvoreando metabisulfito potisico en la misma marea de
exte harco (ensavo 21 ¢ tablio n.° b que despuds de 17-18 dias de perma-
nencia a bordo o se be aprecid melanosis vose calificaron de Muy Buenas
Jas restantes apreciieimes organolépticas,

Fan la table no T estin detadtados los 6 ensavos gue se han reali-
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sultito Potasdeo o Flidrosaltitog sodico o beados e boorcos de Caneervieion por hielo
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zado sumergiendo los crusticeos en soluciones de hidvosulfito sédico v
colocados posteriortnente en hielo fensavos |al o Fin estas experieneias
se han crpleado soluciones de hidrvosultito sddico al 8, 1o, 12 Vol
con una duracion de los tratamientos de 5o 10 pnatos, Kn estos ensavos
se ha observado que se previene bastante bien la melanosis de los erus-
ticeos va que. exceptiando Jos ensavos 1y 5 en las que se apreciaron
pequenes proporciones de ennegrechmiento 2 v 5 2,0 achacables a de-
ficiencins en el bano de los crusticens, en lus restantes experiencias no se
apreciiban sintomas de nelanosise No obstante se han observado en es-
tos ensavas una tendencin al reblandechnicnto de as cabezas de los
«Chorizose . con pérdidic de hepatopinereas v oa desprenderse con s
fucthdad las cubezas de bas gambas,

Laxs experiencias realizadas por espolvoreo de los productos sobre los
crusticens v postenrior conservacion en cajas con hielo se encuentran es
pecificadas en L tabla 0 1V, asi como los resultados de los analisis de
R, residual v bases volitiles junto con as apreciaciones organolépticas,
En estos ensavos hemos empleado nezelas de hiposulfito sodico v meti-
bisulfito potdsico con dcidos benzoico v sorbico, v benzoato sodico e
individualmente metabisulfito potisico v metabisulfito sodico.

En los ensayos 1, ¢ v 3 se emplearon mezelas de hiposulfito sddico v
icido benzoico v sorbico v henzoato sddico en las proporciones indicadus
en la tabla n.° 1, Las tres experiencias despuds de 14 dias de conserva-
cion a bordo dieron resultado negativo ya que se apreciaron en los {res
ensayos un M % de crusticeos afectados de melanosis,

En ¢l barco «Navarran se realizaron los ensayos 6 al 10, empleando
metabisulfito potisico y mezelas de este producto con dcido henzoico v
benzoato sddico (ver tabla n.° IV), Las gambus correspondientes a estas

R

=iy,
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TAB Ly
Ensayos realizados por expolvore,
N
Exsayo Fecaa Fecua \ Diss ProvucTo
Barco . CONRERV. )
n. BALIDA LLEGADA A BORDO EMPLEADO
1 Manolo Sibdén 24 4-68 14- 5-66 14 Hidrosulfito Sédico
Benzoato Sddica
2 » » 24- 4-G6 14- 5-66 14 Hidrosulfito Sddico
’ Acido benzoieo
3 » » 24- 4-60 14- 5-66 14 Hidrosulf. S6d. Scido Sérb.
4 V. Caridad 7- 6-66 27- 6-66 16 Metabisulfito Potdsico
b » - 6-66 27- G-66 16 Metabisulfito Sadico
G Navarra . 7- 7-66 24- 706 13 Metabisulfito Potdsico
7 » 7. 7-66° 24. 7-66 13 Metabisulfito Potdsico
. Benzoato Sadico
8 » 7- 766 24. 760 13 Metab. potasico+4de. benzoie
4 benzoato Sddico
4 » 7. 7-66 24. 7-06 10 Motabisulfito Potdsico
10 » 7- 7-66 24- 7-66 7 Metabisulfito Potisico
11 Quecipo de Llano 1. 8-66 17- R-6it5 16 Metabisulfito Potdsico
12 » » » 1. 8-66 17- 866 14 Metabisulfito Potisico
13 » By » 1- 8-60 17- 8.66 14 Moetabisulfito Sodico
14 Marin Curdero 1. 8-66 22. B.66 19 Metabisulfito Potdsico
15 3 » 1. 8-66 22. R.6H 17 Metabisulfito Potasico
16 » » 1- 8-t 22 K66 17 Metabisulfito Sodico
17 Jumar 12-11-06 1-12-66 14 Metabisalfito Potasico
18 » 12.11.66 1-12.606 14 Metubisulfito Potasico
14 » 12-11-66 1-12.66 12 Metabisulfito Potasico
20 V. Cartdad 92.11-66 9-12.66 15 Metabisulfito Potasico
21 Apdstol San Andrds 138-32.66 3. 1.67 1718 Metabisulfito Potisico
22 Verdel 5. 1.67 23- 1.67 14 Metubisulfito Potisivo

5 experiencias llegaron en avanzado estado de descomposicién y como
quiera que habia muestras con solo 7 dias de conservacién a bordo, se
desecharon todas estas experiencias por irregularidades en la preparacion
o defectos en la conservacidn a hordo {falta casi total de hielo en todas
las cajas) ya que en experiencias previas (ESTABLIER, 1965) y en los
mismos ensavos que se realizaron posterionnente (tabla n.” IV, ensayvos
11, 12, 13, 17, 18, 19, 20, 21 ¥ 221 se habia comprobad. que los crusticeos
tratados con metabisulfito potisico se conservaban bien por tiempos muy
superiores.

Los cnsayos 4 v & hechos en el barco «Virgen de la Caridad» y los
14, 15 v 16 efectuados en ¢l barco «Maria Corderos se realizaron con
metabisulfito potisico, con ticmpos de conservacion a bordo de 16, 17
y 19 dias. Kn estas expericncias se aprecid que las gambas no habian
sido afectadas de melanosis pero presentabuan sintomas de estar descom-
puestas, siendo de notar también la carencia total de hielo vn todos los
ensayos.
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. ) pesiptal Votan. 00T T e
DoSIFICACION CrUsTicE) w160 MG Mira-
Gl 00 fix NURIS Coror Onor Sapor Texrena
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170 gr4 10 gr 5 ker Garhas - i AYRY R R R
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170 gr 10 gr'd ker Coannbias i MM R R R
220 wreh ker Gianbas 0l v B R M R
220 vt ker thunbas 16,55 0 B R M R
S0 gr‘]l) kg Centnlbe 25 Dyesentng. 10 R MM R M
450 gor4 10 gr/10 kg Gambas RRRYY > 10 R MM R 3
60 cr +7 gr4d g 10 kg Grambas albo D it A 1 R
400 1o ky Gabas 35,01 10 R M R R
400 pr 10 kg Ganbus 1712 b R M R R
vro 10 kg Chorizo blanco  1ow2w 26,08 0 R R R B
ur 10 ](g (i:unhas 114 1o, 12 V] B I3 B B
N TU Crambus 16,000 11.00 0 B B B B
425 010 kg Guambus .- Dvseornp. 8] R MM M A}
370 w10 kg Giambas - B 0 R MM M M
A0 erilo kg Gambus — ; U R MM M M
B30 or-20 ky Quisquillas - - 1 13 B B B
BN oy 20 kg Quisquilias — - 10 B B 3 B
700 - 90 kg Quisquitiaz - . 14 MB MB MB MB
1200 0030 kg Chorize Roju 6115 14.17 o MB MB AR R
40 e 30 kg (‘luis(lmllus 2,17 720 3l AMB MB AMB MB
OO e 30 kg Chorizo Rojo 11.50 27.10 \] B R B R

T.0s ensayos 11, 12y 13 se realizaron en el barco «Queipo de Lilano»,
los dos primeros con metabisulfito potisico y el 1.2 13 con metabisulfito
sédico, siendo los dias de conservacion de estas experiencias 16 dias para
la n.° 11 y 11 dias para Jas de 12 v 13, Bl ensayo n.° 11 se realizé con
«Chorizo blanco» no aprecidndose sintomas de melanosis despuds de 16
dias, siendo calificada la prueba de regular en las restantes apreciaciones
organolépticas debido a que los crustdceos estaban algo reblandecidos.
Las experiencias 12 y 13 se realizaron con gambas, aprecidndose que
despuds de 14 dias de conservacion (12 a bordo y 2 en cdmara) no habia
sintomas de melanosis y fueron calificadas de buenas las restantes carac-
teristivas organolépticas. Ks de hacer notar que las cajas de estas expe-
riencias tenfan hiclo abundante y que antes de ser examinadas se con-
servaron dog dfas en una cdmara-a 2-4°C.

Los ensayos 17, 18 y 14 se vealizaron a bordo del barco eJumar»
empleando metabisuliito potisico, con tiempos de conservacién a bordo
de 14, 13 y 12 dias respectivamente, Fn el examen organoléptico se

5
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aprecié un 1, 10y 10 9 de melanosis debido probablemente a irregu-
laridades en la distribucion del producto, siendo las restantes apreciacio-
nes organolépticas calificadas de Bueno y Muy Bueno. j.as cajas COITER-
pondientes a estas experiencias contenian tambicn suficiente hielo.

l.cs ensayos 20 y 22 se realizaron a bordo de los barcos «Virgen de
la Caridadv y «Verdels» con «Cliorizo rojos y ewmpleando metabisulfito
potisico. No se aprecid melanosis en lus dos experiencias despudés de 15
y 14 dias respectivamente. Qiendo culificadas las restantes caracteristicas
de Bueno y Muy Bueno excepto el olor y la textura del ensayo 22 que
se dieron de Regular debido principalmente a que algunos «(’horizos»
tenfan aplastadas las cabezis (os del fondo de la caja).

Il ensayo n.* 21 se electud en el bareo, con bodegas climatizadas,
«Apistol ban Andrésy con quisquilias y empleando metabisulfito potidsico.
Despuds de 17-18 dias de conservacion a bordo no se apreciaron sintomas
de melanosis v siendo las restantes calificaciones del examen organolép-
tico de Muy Buoenas.

RESUMEN Y CONCLUSIONES

Se han realizado 28 experiencias a bordo de barcos congeladores con
coluciones de diversos productos quimicos al objeto de prevenir la mela-
nosis que se produce en los erusticeos congelados v en la manipulacién
posterior que sufren las cajas (de unos 10 kilos) para su aplicacion a la
venta al piblico o covido. De los productos ensavados, han dado excelen-
(es resultados el metahisulfito potisico, hidrosulfito sédico y metabisul-
fito sodico. Kmpleando soluciones de estos compuesios del 3 al 7% vy
sumergiendo los crusticeos en estas soluciones de 2 a 5 minntos se pre-
viene efectivamente la melanesis de los crusticeos congelados y se pueden
mantener, una vez descongelados, 18 horas en hielo sin que aparezcan
<intomas de melanosis (tablas Ty 1. Este periodo de tiempo de 48 ho-
ras nos parece mis que suficiente para efectuar las manipulaciones ne-
cesarias para la comercializacion de los crusticeos congelados, T.0s con-
tenidos en SO, residnal de estos ensayos han oscilado entre 4,15 v 18,10
g de SOT00 gr, porcentajes que quedan muy por debajo de los limites
admitidos.

In barcos de couservacion por hiclo se han efectuado 31 ensayos @ 4
cmpleando soluciones v hanando los crusticeos vy 22 espolvoreando los
productos solidos directamente.

Fn las 9 experiencias que se han realizado swergiendo los crustdceos
en soluciones antes de ser colocados en hielo, se ha empleado tnica-
mente metabisulfito potisico ¢ Lidrosulfito sodico, De los resultados es-
pecificados en la tabla n.” 111 se ve que se previene hastante bien el en-
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negrecitiento de los crusticeos empleando soluciones de estos compuestos
del 6.5 al 15 5 con ticmpos de inmersion de 3 a 15 minutos. No obs-
tanfe. en ticnipos superiores a los 4 dius de conservacion a hordo, se ha
apreciado una tendencia al reblandecimiento de Ias cabezas de los «Cho-
rizos»,

De los productos empleadns en las 22 experiencias realizadas por
espolvoreo en los barcos de conservacion por hielo sélo han dado resul-
tados positivos aquellos en los que se empled metabisulfito potisico v
sodico, Muchos de los ensavos readizades no pueden ser tenidos en cuenta
(barcos «V. Curidade, «Nuvarrar v «Maria Cordero», Tabla IV} va que
las cajas experimentales a su llegadic a puerto estaban totahinente faltas
de hiclo, no apreciindose, sin cmbargo, sintomas de melanosis ni ain
despuds de 19 dins de conservacion a hordo, 1.os crusticeos de estas ex-
periencias se encontraban en avanzado estudo de descomposicion inelui-
das pruehas eon sélo 7 Ains de conservacidn (tabla 1V, ensavo 10),

kin los ensayos realizados a bordo de los bareos «Queipo de Llanoy.
«lwmars. «V. de Ta Caridads (marea del 22:-11-660 v «Apdstol San
Andiésy se obtuvieron resaltados muy buenos despucs de £1, 15 y 17
dias de conservacion a bordo, siendo de notar que fodas estas experien-
cias estaban cuidadosamente hechas, teniendo las cajas suficiente hiclo
durante la travesia,

A la vista de lo expuesto anteriormente, Hlegamos a la conclusién de
que no existe problema alguno en la prevencion de la melanosis de los
crusticeos congelados ya que bahando a éstos en soluciones de metabi-
sulfito potdsico o sddico o hidrofulfito sidico se conservan perfectamente
sin La aparicion de sintomas de melanosis atin despuds de mantenerlos,
una vez descongelados, 48 horas en hiclo, Con respecto a la conservacion
por hielo llegamos a la conclusidn que para tiempos superiores a los 12-
14 de conservacion de los erusticeos a hordo de los barcos, es necesario
que las cajas tengan duwrante toda la travesia hielo suficiente, siendo casi
imprescindible para ello que los barcos tengan bodegas climatizadas.
listo quedd demosirado en los ensavos realizados a bordo del barco
«Apistol San Audréss | en el cual una eaj de «Quisquillas» tratada con
melabisulfito potdsico, después de [7-18 dias a bordo, no presentaba
sintomas de melanosis siendo calificadas las restantes apreciaciones orga-
nolépticas de Muy Bueno.*

* Con posteridad a ln redaccion de este trabajo varios barcos congeladores han

preparado eantidndes considerables de crustdceos empleando metabisulfito potasico
fque erecinos de interds el resciarlas. Asf el barco «Consuclo Veigay (salida 9-1.68)
v (llegada el 29-6-68) prepard 6500 kg de gambas y 1000 kg de chorizos, sumer-
giendo a éstos en soluciones de metabisulfito potdsico al 5 % durante ‘5 minutos.
Extas partidas Nlegaron en perfectas condiciones y fueron comercializadas normal-
mente, {eniendo incluso mayor aceptacién por parte de log compradores los erus-
thceos tratados de esta forrma. debido principalmente a un mejor color. El 14.7-68
Hegé un cargamento de unos 69 000 kg de «(Ilhorizo rojo» y «Chorizo blanco» trata-
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SUMMARY

The prevention of melannsis of freezing and deestored crustaceans using
various dips and solids chemicals compounds is studied.

The sodivm and potasium anetabisulfite dip and the sodium hidrosulfite dip
were very effeetive in the protection acuinst elanosis (black spot) through period
of storage in the froezer trawlers (Tablile 1 and 11,

Fresh crustaceans treated on the traclers with solid potasium and sédium
metabizulfite und stored in comercial dce, delayed deterioration and also avoid
totally the development of melanosis. :
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dos con nctihisn fite patdsico, die Ja miama forma que el anterior, procedentes del
bareo  Capitdn Lrailior, que también llegaron en perfectas condiciones. Asimismo el
16-9-08 = desw ron unos 55 W00 kg de gamnbas,  Chorizo rojos y «Chorizo blaneos
procedentes del bareo congelador - Ando<s. Estos erusticeos taonbidn fueron tra.
tados con seluciin al 3 ¢ de metabisulits potasico v legaron en perfectas con-
dieiones.
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It has been known that obacare side veae-
tons ovccur and mrerlere accurawe kinete
weaswrements with oxvhemogtohin ond heo-
globin when axvhenmoelobin is deoxveenated
by addition of sodmun dithionite  Nu 5.0
(6

transivnt, it e i< hoed ro observe the spectra

Sinee these reactions arve rapil and

of intermedicte componnds whiv b e Jored
durins the deoxvecn dion by sodien dididonites
Daleiel and O'Briean &7
hvdrogen peraside or some other oxidotion

costed thae

products acrobically generated in the reac-
ton with Na SOy may be vesponable Tor
these side reacions,

Receatdvs two kinds of hemoglobin have
been parttally puoriied from bodv-wall tssue
of cAscarte lundbaicoddes n this Liboratory g
Thoese were distinet from mamnadion hemo-
globins I that the rate ol deoxvaenation by
NS Oy was slower and tho the vedueed
hemoglobin combined with evanide, forming
a stable-cvanide terrous hemoslobin comp-
lex o By use of this unosuad oo zlohing
the obscure side reactions 1o the deosvzeno-
tion ! oxyvhemoglobin by Nug> Q) could be
foliowed by the authors more precisehy than
was doue with horse hemoslobin by Dalziel
and O'Bricen 7. These observadons are
Crevewced in this communicadon,

OF oxviicmocslobin solwtions of lsearis
prepared according to the method proviowsly
dereribed, the fraotion A,

Spectral measurcments

& hus heenn weed
m this experitent.
were made with o Cary model M orecording
spectrophotomercr. o budivved  oxvhenmo-
globin solutinn was added o sinall (enount of

<osolid Naxs.O, and the mixture was quickly

covirad with hgnid poeafin to aveid contact
with air.

Lormacion of M themodobin frior fo the For-
mation of Deoxy e nated Hemogtobin--1700 1 shows
tha spectral chanoes at the Soret region which
vere recorded umediately adeer adaition of
NasS O o dilute oxvhemaoglobin sojution, It

o
-

oy

o
&
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423 w0 a2c a9 ‘.
WAVELINGY {mn)

Y. 1.

o of oxvhemoglobin from badvewall theue of

Spectra recorded during deoxyeenas

Ascarts lumbvicoides with NaS O, in 0.1 3 sowum
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oxvgenated hemoglobin was formed from
this 405 my: compound.  The spectrum at 14
minutes after mixing was of o tvpical denxy-
senated hemoglobin which has o peak at
Blmye  An dseshestic point occurred  at
Hime "The maximum vield of denxveenated

hemoalohin was attained in 14 minutes nnder
the condition indicated in' the ficure. The
rate of these spectval changes was dependent
o the pH. It was rapid in acid soluiion
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the J03 iy compound.
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ral changes at the Soret region which were
recorded in the deoxveenation by Na,S,0,
in the presence of evanide.  The result indi-
cates that the compound absorbing at 417 my,,
corresponding to the Soret hand of evanide-
methemoglobin of searis (4, is formed prior

to the tormation of cvanide-ferrous hermoglo-

bin complex which has a peak at 428 me,
An isosbestic point oceurs at 420 my At low
concentration of evanide (helow 1. 103 1))
the evanide-ferrous hemoslobin complex was
not formed, but the reaction terminaced in
the formation of deoxvrenated hemeglobin
alter transient appearance of 417 mr com-
pound N, .

Tt is conceivable from these observatinns
that one of ihe side reaciion of deoxvaenation
of oxviiemoglobin by Na.S.0, is the transient
formation of methemoglobin. by hvdrogen
peroxide or by same oxidation products acro-
Direthy venericed by NaR,0,,
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nide-ferrous hemoglobin at 428 mye were stable
at pH 7.0 or at slightly alkaline condition. But
when the hemoglobin soluiion was allowed to
stand for a fow hours at slightly acid condi-
tion, it was observed that absorbancices at 431
my or at 428 g gradually deercased and a
stable compound abserbing at 417 mye was
formed. An isosbestic poiut ovcurs at #24img
during the course of the change (Fig. 3} s
seen in Fig, 8, the ubsorbancy of deoxygenated
hemoglobin at 431 me was reducing to form
a compound absorbing at 417 mys at 10 minutes
after mixing, while at pll 7.0, tie absorbaney
at 431 mye was increasing o torm deoxygena-
ted hemoslobin at that tines indicaunyg that
the formation of +7 me compound s favour-
ed by acid conditions. The H7 mze compound
observed in iz 3 differed trom cyanide-met-
hemoglobin (Fig. 2} and also from mcthemo-
globin-hydrosen peroxide complex observed
by Dalziel and O'Bricn /7y which b
absorbancy axima at 1170 340 and 58 my
in the fact that it was stabie, the absorbaney
at 417 me is independent on the amount of
added NuuS.0, and the isoshestic poin did
not occur at 20 mye observed in Fig, 2,

The chemical naware of the 417 mye com-

pound in Fig. 3 remains as yet obscure, and
the compound dues not correspond to any
of the decomposition products of hemoglobin
so far reported. '

‘This work was supported by a Grant for Scienti-
fic Research from the Ministry of Education.
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ORIGINAL PAPERS

SODIUM 11YDROSULFITE.

Dy Freperick W, Heye and Fraxk E. GREER.*

There exists a voluminous literature * c’onceming derivatives of
hydrosulphurous acid (HaS204) and its reduction product sulfox-
vlic acid (H2SOz), but it is confined almost exclusively to the patent
literature. Neither of these is known in the form of the acid. The
codium salt of the former and the sodium salt of formaldehyde sulf-
oxylic acid (CI1;011.0SO Na) are important commercial reduc-
ing agents. The preparation and stabilization of these and their
varied use in textile printing and dyeing is the subject of several
hundred patents, .

With the discovery by Ehrlich and Bertheim * of the reduction
of arsanilic acid to p. amino-phenyl arsenoxid, and to diaminoarseno-
benzo! by means of sodium hydrosulfite this reagent hecomes of in-
terest beyond the textile field. In factitisa reducing agent capable
of very general use, having been successfully employed twenty years
ago ¥ for the reduction of certain nitrophenols.

Sodium formaldehyde sulfoxylate, aside from its value as a
reducing agent, has the power of condensing with aromatic amines *
to form soluble neutral derivatives of the amines, but at the same
time producing marked alteration in the pharmacological nature of
the original base, as e. g. in neoarsphenamine. This reaction is
usually represented as follows: '

X.NII, + HO.CH,, OSO Na — X.NH CH,0S0 Na.

“This condensation of aromatic amines with sodium formaldehyde
sulfoxylate gives a product which will not reduce indigo-carmine in

*[{older of The Upjohn Cobperative Fellowship at Kalamazoo College
(1920-1921). This paper is based upon the thesis presented by Mr. Greer to
the Faculty of Kalamazoo College, in partial fulfillment of the requirements
for the degree of Master of Science.

' Jeltinek, Das Hydrosulfit, 2 Vol. (1911).

P 43, 917 (1910).

*Chem. Zent. 1, 1014 (1900).

* Reinking, Dehnel, Labhart B. 38, 1069 (1905).
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the cold %, although some reduce indigo in the cold if acid is pres-
ent. According to Binz and Marx® the condensation between the
salts of the bases and sodium formaldehyde sulfoxylic acid proceeds
in two phases,

OSOH.
) (2) R. NH. CH; OSOH +4 R. NH,. HCI - R.NHCH.
OSON1I;. R.

There is thus formed an insoluble ammonium salt. In the prepara-
tion of neoarsphenamine there is obtained from the reac-
tion mixture small amounts of material insoluble in sodium car-
honate. This material probably represents substances'of the salt
type. (2) In.any event the detailed study of this substance requires
eminently pure sulfoxylate, and the use of commercial sulfoxylate
through the presence of impurities further complicates the study of
the reaction,

In the same way the production of arsphenamine requires pro-
portionately large quantities of hydrosulfite for the reduction of
3-nitro-jhydroxyphenylarsinicacid. According tothe Ehrlich process,
263 g, would require 3930 g. commercial sodium hydrosulfite (80%)

2(NOy) (OH) CgHj As O(OH)s = 10 NayS5,0,.

263 = 870
or about 3.6 times the theoretically required amount. It appeared
to us that the chemical variability of the product might be due not

so much to the arsinic acid, which is prepared analytically pure, but

rather to the reagent which is not only impure, containing unknown
substances but which is known to react in a secondary manner to
produce organic sulphur compounds in variable quantities.”

It was therefore desirable to review the patent literature and
arrive at a laboratory method for the production of these reagents.
The object of this paper is to describe the production of these sub-
stances and their properties. We obtained most satisfactory prod-
ucts by first producing crude sulfoxylate by D. R. P. 256, 460.
(1913). This was purified by recrystallization. From pure sulf-

* Reinking, B., 38, 1074 (1905)
*B., 43, 2344 (1910).
'J. Chem, Soc. 117, 370 (1920).

(1) R. NH,HCI 4+ HO CH,O SO Na — R.NH. CH,

e s am
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oxylate, the anhydrous hydrosulfite was prepared by the reaction
discovered by Dazlen.®

CH,OIl OSONa 4 2z NaHSO; — \a-,SzO4 4+ HCHO.
NallSO;.
The original experiment however leads to the highly unstable
crystalline hydrate Na»5;04. 2Hz O, but by modification to the
extent of carrying the reaction out at a temperature of 70° (above

the transition point, 52°) the anhydrous salt is precipitated by salt- °

ing out.?

While this is not as economical as the direct production of
hydrosulfite by the reduction of bisulfite with zing, it will be found
to be better adapted for the laboratory scale as the product requires
no purification whatever, and is free from zinc, and is invariably
permanent.

ENXPERIMENTAL.

Preparation of Sodiwm Formaldehyde Sulfoxylate~This is
produced smoothly according to D. R. P. 2356, 460, the most essential
requirement being violent mechanical agitation. 312 g. NaHSO,
(3 mol.y, 257 g. formalin (9o g. CH,0) are mixed with the addi-
tion of 54 cc. water. \Water (300 cc.) is used to further dilute the

reaction mixture and to moisten the reducing mixture consisting of

zine dust (300 g.) and zinc oxide. (150 g.) This is gradually added
in small portions and the reduction mixture is held at 70°. After
the addition of the reduction mixture, the reaction is continued for
two hours at 100-105°, with violent agitation. The mixture is fil-
tered and the precipitate washed with hot water. This filtrate con-
centrated to dryness yields the commercial product.

When the filtrate was concentrated to 400 cc. a crop (A) weigh-
ing 347 g. separated. This was redissolved in warm water and
fractionated. vielding a top fraction of 56 g. which separated from
the warm solution. It had a purity of only 6.2%. The next crops;
22 g., 45 g.. and 48 g. were pure sulfoxylate (99%). The fifth crop
separating from the warm solution weighed 11 g. and was only 24%
sulfoxylate. The sixth crop weighed 33 g. and was 74.4% pure.

The filtrates were joined and concentrated and from the warm
solution 20 g. of 16% material was removed by filtration. Then 2

* B. 38, 1065 (1903).
*U. S. P. 990, 437 (1011).
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crops of 50 g. and 51 g. separated. The purity of these was 96%
and R1¢¢ respectively.  The vield of sulfoxylate is about 60%.

For laboratory purposes it is somewhat simpler to reduce the
addition product of formaldehyde and commercial hydrosulfite.'®

(Nal1SO,. CH2O NaHSOj;. CHL0). /

The use of zinc and acetic acid as there directed leads to .the
presence of acetates and renders the subsequent purification by
crystallization more difficult. The following is a practical laboratory
process: 400 g. hydrosulfite is dissolved in 400 cc. formalin and 200
cc. water. This is reduced with a mixture of zinc dust (300 g.)
and zinc oxide (100 g.), first at 70° and then two hours at 10o-
105° and with agitation. To the liquid a few drops of sodium
carhonate solution are added and the filtrate on concentration always
yields a crop of almost pure sulfoxylate. Dy fractionation yields of
70% are obtained.

Cale. for NaliSOa. CH20.C = 10.1: H = 2.5. Found: C = 94, 100,
1 =27, 255.

Tn recrystallizing this substance it is desirable to keep the solu-
tions alkaline with Na» CO; and to have a small amount of for-
maldehvde present. The temperature is never allowed to exceed 70°
at which temperature this substance is exceedingly soluble. (1 liter
dissolves 500-Goo g.'') Otherwise there is a constant decom-
position with the emission of a garlic or mercaptan-like odor.

Analysis of Sodium Formaldehyde Sulfoxylate —CH2OH OSO
Na 2H.0. ~ :

This substance is now procurable in a rather high state of purity
(8571 on the American market. It may be analyzed readily by the
direct titration of a hot solution (acidified with acetic acid) using
standardized methvlene blue solution. The titrations were carried
out in an atmosphere of CO,. The solution is warmed gradually
during the titration and not boiled until the end point is reached.
Tn a well conducted titration an excess of methylene blue solution is
had at all times until almost at the end point. The titration liquid
is taken from the flame just as the color is about to vanish, before
each new addition of methylene blue. Reduction does not proceed
rapidly until a temperature of about 50-60° is attained.

*D. R. P. 165, 8o7.
" Osann, D. 38, 2200 (1¢03).

&y Sodium Hydrosulfite A ™

- Baumann, Thesmar and Frossard ** analyze sodium formalde-
hvde sulfoxylate by titrating with an ammoniacal copper sulfate
solution in a stream of hydrogen at s5®. This method is satis-
factory for routine purposes but does not give results quite as high
as the methylene blue procedure.

NaliSO,. CH,0.2 HoO =2H = 2 CuSO, 5 H,0.
154 2 2(249.6)

‘t is advisable to prepare an N /4 solution by dissolving 62.4 g
crvstalline copper sulfate in water, adding 200 cc. conc. ammonia
water. and making the volume to one liter. Then 1 cc. = 0.01925 §&-
crvstalline sulfoxylate. It is our practice to weigh 0.385 & of .the
sa'mplc,‘ whence each o.1 cc. of the CuSO, solution used 1s' equiva-
lent to 0.5% sulfoxylate, and a sample requiring 20 cc. 18 100%
pure. 4 '
When sulfoxylate is titrated with jodine in neutral solutions
a quantity of iodine equivalent to four atoms iodine is required.
This is an unsatisfactory method for the analysis of crude products
as the impurities are likewise oxidized. Baumann, Thesmar fmd
Frossard have made a distinction between sulfoxylate and sodium
formaldehyde bisulfite. They showed that while the latter is not
oxidized b’v iodine in neutral solution it may be in alkaline solution.
1Tence in this common mixture the end point is first recorded for
the sulfoxylate in neutral solution, whereupon the partially titrated
fluid 1s rendered alkaline with sodium bicarbonate and a second
volume of iodine is slowly required by the bisuifite compound, but
the end point is not sharp. .
A sample of analytically pure sodium formaldehyde sulfoxylate
(cale: H,O = 234 Found, 23.8) was analyzed in the anhydrous

_state. (Calc: Na, 19.5: 5, 27.12. Found: Na, 19.5 S, 26.75).

0.1174 g. required 39.62 cc. iodine (1 cc. = 001283 g. I).
0.1500 g. required 1875 cc. methylene blue sol. (1 ¢cc. =
0.0058 g. Fe).
0.385 g. required 19.4 cc. N /4 copper sulfate sol.
. These results correspond to a purity of 100.7, 99.7, and 97%
respectively and indicate the fact that in general the copper titration
gives slightly low results.

% Rev. Gen. Mat. Color 8, 354 (1904).
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Solubility of Crystalline Sulfoxylate—The crystalline product
loses its water of crystallization completely when dried in a vacuum
over calcium chloride or phosphorous pentoxide. The solubility
of the crystalline substance in glycerine was determined.

25 cc..()f the saturated solution (18”) weighed 34.2967 g. 5 cc.
of this was diluted to 100 cc. and of this 5 cc. was titrated with
methylene blue solution.  Found: Original 5 cc. = 2.5329 g. sul-
foxvlate. Therefore 100 ce. of the saturated solution contains 86.5
g. gylcerine plus 5006 g. sulfoxylate, Therefore 100 cc. glycerine
(sp. grav. 1.262) will dissolve about 74 g.

In methyl alcohol the solubility is much lower. . 50 cc. of a
saturated solution weighs 42.5013 g. Dy titration 100 cc. contains
239 g. sulfoxylate and 76.73 g. methyl alcohol; 100 cc. methyl
alcohol (sp. gr. 0.8) will dissolve about 8.8 g. sulfoxylate.

When aqueous solutions of sodium formaldehyde sulfoxylate
are treated with harium chloride solutions, either neutral or with
one mol. of sodium hydroxide a slight precipitate of the barium
«alt separates.  (3.3% from 5% solutions.) Calcium chloride
gives no precipitate in neutral solutions. Doth chlorides precipi-
tate sodium sulfite almost completely under the same conditions.
Sodium formaldehyde bisulfite is very slightly precipitated by
barium chloride, but not by calcium chloride in neutral solutions,
but by increasing the alkalinity the baryta forms an insoluble
barium salt, Thus in the presence of 0.3 mole sodium hydroxide

675 of the formaldehyde bisulfite was precipitated by barium

chloride.

Effect of Sulfoxylate on Rats—A serics of intravenous in-

jections into white rats gave the following results:

Dose milli- Weight Vol, of. Time

grams per kilo. of rat. solution, cc.  Seconds. Result.
400 146 0.58 50 Lived
600 190 1.14 50 “
8oo 119 095 60 h
1000 172 1.72 8o - “
1200 93 : 1.12 63 “
1400 123 1.72 85 “

.

This chemical is apparently tolerated in very large doses, no
disturbance being noted. '

86 . Sodiwm Hydrosulfite §Am Jour, par™
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Sodium Hydrosulfite—.:Inalysis of Commercial Samples.
Some time ago a number of samples purchased as hydrosul-

fite were examined ¥nd it was found that some confusion exists
concerning this substance. The products consisted in some cases of
anhydrous NapS;Oy, having a high reducing power on methylene
blue, at room temperatures. Other products appeared to consist
entirely of sodium formaldehyde sulfoxylate, exhibiting no reduc-
ing power under these conditions whilst still other samples had an
intermediate reducing power. The last named were either deter-
iorated products or mixtures.

After studying several methods we finally adopted this method of Knecht
and Ilibbert™ for routine work. For this purpose standard solutions of
titanous chloride; and of methylene bluc are prepared, the former being stand-
ardized against ferrous ammonium sulfate.

2 Ti Cly = 2 H == 2 Fe = Na2520; = C1gH1sN3SCl
2XISLE== 2 112 174 373.75

An approximately one per cent. solution is prepared by diluting 50 ec. of
the commercial 20% Ti Cl3 solution with 50 cc. of conc. hydrochloric acid,
boiling and diluting with air-free acidulated water to one titer. This solution
is stored under special precautions under hydrogen. . :

For purposes of standardization 0.7 g. Mohr's salt is dissolved in 23 cc.
diluted sulphuric acid, and titrated with a very slight excess of potassium
permanganate solution. Into this solution is now run the titanous chloride
solution until the ferric salt has been just reduced, using KSCV as an outside

-indicator,

This titanous chloride solution is only moderately stable. For instance,
in one case we found 1 ce. TiClz sol. = 0.006 g. Fe (January 10). Later
(March 23) 1 cc. = 0.00363 g- Fe. .

For the relative standardization 25 cc. of the mythelene blue solution is
diluted with about 23 cc. air-free water, acidified with 5 cc. of 235 .per cent.
acctic acid. The titration is made in an Erlenmeyer flask fitted with a two-
holed stopper, one of which is an inlet for a strcam of carbon dioxide. We
prepared the methylene blue solution so that it will be equivalent to the tita-
nous chloride. It is perhaps advisable to permit a small amount of insoluble
material to separate if mecessary and to use the supernatent solution. This
solution is stable, only an occasional comparison with the standard titanous
chloride solution being necessary.

For the analysis of commercial hydrosulfites, since I cc. 1% TiCl3z sol. =
0.003025 g. Fe = 0.003631 g NazS20s, we usually use for analysis 0.12-0.14
g. anhydrous hydrosulfite if we have 1% titanium chloride solution. This is
placed in a dry Erlenmeyer, covered with 23 cc. (an excess) standard methylene

M. s0. 3827 (1907). Knecht and Hibbert, “New Reduction Methods in’

Volumetric Anal: sis.”” Longmans, Green & Co., 1918.
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blue solution, all the air is displaced with CO» and then the solution is acidi-
fied with 3 cc. of 25%0 acetic acid, and after standing at room temperature 2
short time the excess of methylene blue, which the NapS204 has failed to
reduce, is titrated with the titanous chloride solution.

Example: 0.1648 g. sodium hydrosulfite + 24.8™ cc. standard methylene
blue solution. required for decolorization, 9.3 cc. TiCls solution. (1 cc. TiCls
col. = 0.00:88 g. 'e==0.0091358 Na:5:04. Ina duplicate assay 0.1384 g. re-
quired 10 c¢. TiClz. Found, 835.9% and 85.3%.) .

The following results were obtained upon tommercial samples
submitted as “hydrosulfite.”

Taken. Found. Per Cent. Purity.
0.1200 0.1016 ’ 84.7
0.103 0.080c9 78.5
0.104 0.0073 6.98
0.107 0.0082 - 7.17

.102 0.0 0.0

.103 0.0103 10.12

.102 0.0828 81.2
. .103 0.0001 5.91

The samples showing low reduction contain formaldehyde and
are used for vat indigo dyeing. These should not be listed as
hydrosulfites. The reduction of methylene blue was materially
increased by raising the temperature, indicating the presence of
sodium formaldehyde sulfoxylate. '

Purification and Stability of Sodium Hydrosulfite—We en-
deavored to ascertain the possibility of increasing the reducing power
i. c., increasing the purity. Aqueous solutions are unstable. In
order to determine the rate of deterioration, quantities of Nag S50,
(85.35%) were weighed into a dry 20 cc. volumetric flask, covered
with toluene, 1 cc. of 2N sodium hydroxide solution was added and
the solution was brought to the final volume with air-free water.
The solution was emptied into a small burette, which had been filled
with carbon dioxide, and contained a layer of toluene. This solution
was titrated against 10 cc. of a standardized acidified methylene blue
solution in an atmosphere of carbon dioxide. 10 cc. methylene blue
= 0.0453 g. Na25.0;.

“ Twenty-five cc. of the solution = 24.8 cc. TiClg solution.

&R Sodivm Hydrosulfite ' {A"‘],-{_'{,‘_""wlz‘;'_“'"'
Solution
NasSo0 (82370 Used for )

Taken. Volume., 1oce. M.B. Time. Loss %6
0.1036 T 20 10.5 At once —2.3
0.1030 20 10.16 “ —26
o.1030 20 10.15 " —2.3

00707 20 15.07 - —03
0.1313 20 7.15 “ —18
0.1020 20 10.7 10 min. —3.2
0.1031 20 1062 - 20 “ —.3.0
1177 20 0.6 6 brs, —6.0
0.1c02 - 20 13.7 221, ¢ —2;0

20 16.75 16 ¢ —40

0.1004
- ' (no toluol)
The ahove solutions were alkaline and a conspicuous break-

down is obscrved after 5 hours.®. The protection of toluol is an im-
portant factor. Al of the above titrations were made in acetic acid

solutions, ‘The titrations give the same results in neutral or alkaline .

media, but the solutions are turbid (errors —3.5.and 2.2%). Even
when rapidly performed the results obtained fall below those ob-
tained by using an excess of methylene blue solution by 2.56. For
rapid work the method is sufticiently accurate and the titanium
chloride solution can be dispensed with. This method is like the

original Bernsthen ** method, using indigo carmine and is quite neat.

Knecht & Ilibbert point out that this method is not satisfactory for
certain comimercial samples, since they decompose with the evolu-
tion of SO, when dissolved in water; they claim furthermore that
if alkali is added to preserve the solution that oxidation proceeds 50
rapidly that within a “few seconds” the results are vitiated As

shown above, with careful work the error approximates = 2.5%.’

We attempted to purify commercial sampies of hydrosulfite as follows:
50 g. high grade hydrosulfite was poured.upon 123 cc. air-free water, contain-
ing a few cubic centimeters of sodium hydroxide solution at 70° in a current
of carbon dioxide or under toluene. The solution was filtered through asbestos
in a closed system under carbon dioxide and the filtrate cooled in an ice bath
under an inert gas. After crystallization was complete (1 hour), the crystalline
hydrosulfite was filtered in a closed system, and mixed upon the alundym

* See Lumiere, Lumiere & Seyewetz, Bull, Soc. Chim. '33, 031 (igos).
* Bernsthen & Drews, B. 13, 2283 (1880), Schiitzenberger & Risler, Bull.
Soc. Chim, 19, 152 (1873).
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filter with absolute alcohel. The suspension was transferred to a flask con-
taining ¢ e of alcohol and sodium (15 ) cthylate, or. methylate with
mechanical stirring. The dehydrated product was filtercd in a closed system
and washed 7 with alcohol and cther. The funnel was transferred to a desic-
cator comtaining carbon dioxide and dried in vacuo over phosphorous pen-
oxide.  The highest purity obtained was &3.5 per cent., so that practically
nothing was gained, although some insoluble sludge is removed by filtering
solutions of the commercial product. )

This experiment is difficult to manipulate, and even if the preliminary
work is successfully conducted, high-grade recrystallized products are prone
to decompose upon opening the desiceator. One sample which had been dried
for two weeks at 15 to 20 mm.,, and which assayed over 75 per cent., burst into
flame while a sample was being assayed. Some samples showed a tendency to
warm up, and were returned to a vacuum in various stages of decomposition.

The case with which this decomposition procceds was amply demon-
strated in the above-mentioned series of experiments, many of which miscar-
ricd. . This difficulty certainly justifies the many efforts toward this goal,
which are found in the patent literature. . R. P. 267,872" (1912) directs the
mixing of the hydrosulfite with an excess of aniline and evaporation in a
vacuum to dryness, with uninterrupted stirring, The object of this procedure
is to avoid filtration of the crystalline salt, but the product must of course be
impure. In subseqent patents the conditions of the distillation are altered.”®
In other patents™ evaporations are conducted with alcohol, xylol, hydro-
carbons, ammonia. and alkalin substances.

In D. R. P. 280,181, zinc hydrosulfite is mixed with dried sodium acetate,
and the mixture is extracted with 94-96 per cent. alcohol, which dissolves the
zinc and sodium acctates and leaves a residue of anhydrous sodium hydro-
sulfite. .

Bazlen .in his paper on the composition of hydrosulphurous acid, points
out the case with which these atkali salts oxidize, and also how readily thiosul-
fate is formed cven in the absence of air, and he states that drying in a vacuum
at ordinary temperature or at more elevated ones in the absence of air Jeads
to decomposition. His method for dehydration consists in placing an alcoholic
magma in a Soxhlet and extracting for several hours, using lime in the re-
ceiver™ He reports an analysis on the pure salt, Nas520,,

It was with these patents in mind that we attempted the above
purification, but the results were such that we were led to attempt
purification and preparation through the use of another principle,
i. ¢, salting out the anhydrous form. The temperature above which

. 2;0.3%0; Ui S. P. 1,207,782 (1916).
. 213,586, 188,139, 223,200, 207,593; U. S. P. 861,218
. R. P. 160,529 (1904).

Y

. S. P. 1,136,107 (1915).
P
P

{Am.FJ%....szlzurm.
eb., 3
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the anhvdrous form cannot exist is 52°. According to’ D. R. P
171991 (1903), one saturates a concentrated * solution of sodium
hyvdrosulfite ( 50-70°) " with sodium chloride, or one may warm
crystalline sodium hydrosulfite at 50-70° under saturated brine.
Thus 2000 volumes concentrated hydrosulfite solution is heated to
s0-70° and 510 parts of salt are added with stirring. When the
characteristic scparation of the anhydrous form is complete, it is
filtered in a closed system, using COs, washed with alcohol and
dried in a vacuum over sulfuric acid. This method is very satis-
factory on the laboratory scale, but it does not essentially raise the
purity of the commercial material, although the patent claims that
100% material results. This probably depends upon the nature of
the impurity in the original material.

Preparation of Sodunt Hydrosulfite on Laboratory Scale—~In
our last effort to sccure analytically pure, anhydrous hydrosulfite we
attempted to avoid the impurities originally present in the hydrosul-
fites, by preparing it from analytically pure sodium formaldehyde
sulfoxvlate. Bazlen proved that hydrosulfite can be prepared by the
interaction of sodium formaldehyde sulfoxylate and sodium bisul-
fite. He permitted the crystalline form to separate. U. S. P

CH,OH O-H OSONa
+2 | ' v
. - + H.CHO.NaHSO3

OSONa OSONa OSONa

990,457 (191 1) combines the principles of this reaction with that of the

salting out process as follows: 420 cc. of bisulfite solution containing
208 g. NallSOg, containing no free sulfurous acid are heated to 60°;

140 g. salt are introduced and the temperature raised to ‘about 65°.
In a second vessel a concentrated solution of 118 g. sodium formal-
dehyde sulfoxylate (230 cc.) is heated to 65°. The contents of both
vessels are mixed as rapidly as possible. There is a rise of about
8° and a heavy, precipitate of anhydrous hydrosulfite separates. We
filtered this off in a closed system under CO, washed with alcohol,
ether, and immediately placed the product in a CO, desiccator and
dried at 15-20 mm. The purity claimed for this product, 4. ., “an
amount of the salt containing one gram of sulfur reduces 4 g. of
indigo” is equivalent to a 97.7% purity.

L
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Our vields on small scale experiments in the quantities above
outlined give yields of 55 to 60% of theory, and a purity of 80-85%.
The product is stable when kept in tightly stoppered containers,
Larger scale production would probably result in higher purity.

Tovicity of Sodium Hydrosulfite —The failure to obtain prod-
ucts by the above process having a purity of at least 95% is a mat-
ter of considerable surprise. In the presence of air the damp salt
oxidizes as follows:

Na:8204 + O = N2S305 = NazS03 + SOz -
N2:S2:04 4+ O + H20 — 2 NaliSOy

In the absence of air it is said to decompose forming pyrosul-
furous and thiosulfuric acids. We have never observed any con-

2 ;\'325204 e d N3.252O3 + N325205

spicuous alteration in well made samples. It is however a fact
that the oxidation products of the dry substance are quite as toxic
as the hyvdrosulfite itself.

The following results were obtained: A preparation having
a purity of about 83% was dissolved in water and quantities
amounting to 150, 180, 210 mg. per kilo proved not fatal, and no
effects were observed. With a dose of 240 mg. per kilo death ensued
in five minutes. :

A second sample having approximately the same purity (83-5%)
gave the following results: The rats lived at doses of 100 and. 125
mg. per kilo, but at 150 mg. per kilo, death ensued in 7 minutes.

A few similar tests were made upon some of the partially de-
composed samples that were obtained when it was attempted to
dehydrate the crystalline product with sodium ethylate. The toxicity
is not proportional to its reducing activity as is shown by the follow-
ing results. .\ badly decomposed sample, analyzing 28% failed to
kill in doses of 50, roo and 150 mg. per kilo, but at 200 mg. per
. kilo death took place in four minutes, and 10 minutes respectively.
This sample is almost as toxic as the above mentioned 83% material.

A sample which had run down to 65% in the desiccator over
P,0;. suddenly evolved clouds of SOz when the desiccator was
opened. The analysis showed only 14% (reducing power). When

this was injected the rats lived at 200, 300, 325 mg. per kilo, but

were killed at 350 mg. (4 minutes).
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From the above tests it will be observed that the dry decom-
position does not proceed simply from a toxic to a nontoxic. sub-
~tance, nor, is the physiological test, a method for determining the
degree of decomposition.

Small doses (25-50 mgs. per kilo) of sodium hydrosulfite in-
jected intravenously into white rats produce no reaction. As the
dose (100 mgs. per kilo) is increased the rat shows signs of labored
breathing within a few seconds of the beginning of the injection.
This quickly wears off and usually within five or ten minutes the
rat is apparently normal. Still higher dosecs (1350 mgs. per kilo)
produce a more labored breathing with evidence of suffocation.
When the maximum sub-lethal dose is reached the rat shows symp-
toms immediately. Dyspnea becomes acute and the rat doubles up
with convulsions within three to five minutes. After eight or ten
minutes it has completely recovered and moves about normally,
There are no delayed symptoms in rats which survive the injection.
The toxic dose produces the same immediate symptoms which rap-
idly progress in intenisty until death which usually occurs within
five to ten minutes,

We wish to acknowledge the hiological assistance of Mr. Payne.

- CoxTrIBUTION Fros THE CHEMICAL RESEARCH L.-\BORATOR\',
Ture Upyjoux Comraxy, Kalamazoo, Mich.
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Some Observations on the Kinetics of Haemoglobin in Solution
and in the Red Blood Corpuscle

By J. W, LEGGE axp F.J0 W,

ROUGHTON

Dejartment of Colloid Scicnce, and Moltenc Institate, Universily of Cambridge

(Recedved 5 May 1940

T Kinetics of the rapid renctions of axygen and
torbon monoxide with the oxypen-careying pig-
Hents have heon stadied by the rapad-flosw methods
C Hartridgo & Roughton (19280 ¢, 1925, 1927),
MMikun (1932, 19334, b, 1936) and  Houghton
934 ). For myoglobin (Myb), Millikan found
Tt the rate of combination of oxyvgen eould be
Urpressed by tha equation
[0, Mgb]

L 1O} (Mg )= 410,Mugb), oy
dt - i

and furthermore that £ 47 = KN the equihibrann con-
stant ol the reaetion (A = (O, Mab O Meb] as
determined from the dis~ociation caeve, whicl s 1n
this case o rectangalior hyvperbola, These <imple
relations are to he expected on the hasis of the
Law of Mass Action, since the myoglobin moleeule
only  contains one atont amed thus
reversibly with ones moleenle of osvaen weeond-

fron redots

mg to the coyuation

O, Mueh (LN eh, 4
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In the ease of mammalian haemaogtobin, the ERALE
tion i< mueh more complicated, since the molecule
contains four iron atoms and reacts reversibly with
fonr moleeules of O, or COL i< true that Hartridge
& HRoughton found that their kinctic results could,
within the limit= of ereor and range of their measure-
ments. be described hy an equation sinnlar to (1),
naunely

d{XHh

' L] L] = AN TIDY, 3)

where { N]= coneentration of dissolved O, or CO; [NUD] -
coneentration of osyhacimomobin or carboxyvhaemoglobin
in . mok of cambined O, or COLy UL = concentration of
Leduced hactioglabin expressed in the same units as NHb.

'[‘ho'e(’]uilihrinm rosults are, on the other hand,
generally interpeeted by some form of Adair’s (1925)
intermediate compound  hypothesis accorling 1o
which

vy [XUb]

100 [NHh]+[11b]

N,y AN K 3K K P AN KK K, pt

4T p Iy Ky pt + 1 KoK+ B Ko Ky Ko pt)’
(+)

where g =percentage  saturation;  p=pressure of Xj;
Ky, Ky, ooy nre the respective equilibrium constants of the
reactions Hby - Oy Hb O, Hbytdy 0,==1H1 0y, ete.

Some attempts Liave recently been made to reconcile
equations (3) and (4) (Wyman, 1948; Roughton,
1949), but there is clearly need of much further work
in this field, both theoretical and experimental. One
great difliculty is that many diffevent set of values of
K,, K,, K, Kgpive a good fit between equation (4)
and the experimental results, though, even so, it
always appears necessary to assigna much higher*
valae to K, than to any of the otlier constants. This
means that the last O, (or CO) molecule eombines
with much greater attinity than the preceding ones.
Pauling(1935) hassugeested thata similarbut smaller
‘interaction” oceurs in the case of the lower inter-
mediates, but the equation derived on his detailed
hypothesis has recently heen shown not to he valid
for the best available dissociation curves (Rowghton,
1943, 1949; Wyman, 1045; Roughton, Paul &
Longmuir, 1944),

Several kinetic points arise out of these and other
considerations:

(@) Since K=k /k,,. where ki and k are the
velocity constants of the reaction

Hb,Og + 0y =Hb Oy,

then if I, is relatively large, either &y must also be
relatively large or k, relatively sinull, Caleulation of

* Work now in progress by onc of ns (F..J.W. R.)
suggests that the ratio of Ay to Ky may be higher than
previously supposed.

the ernpirical velocity constants, ” and k, of erjuatiog
(3) should therefore, at high values of y, show 4
rising trend in k7 or & falling trend in k, or perhapg
both. No such tests have hitherto been made abovg
4= 15 %, in this paper analysis of present and earlice
data shows that both these effects do in fact occur,

(#) In all previous reaction-velocity work, ihe
haemoglobin before mixture has been either fu.iy
rechuced or fully saturated. Tests should be made
to whother the results obtained with partialy
saturated hacioglobin as the starting point are w
agreement: a diserepancy would indieate that when
haemoglobin is purtially saturated, the concentiu.
tions of the various interinediates, or their eneruy
levels, differ appreciably according to whether the
haemoglobin is in equilibrinm or is in a state of
change when the particutar partial saturation occurs,
Such observations might also throw light upon 4
peculiar result of Roughton (1934d), who found that,
at pl 10 and 152, CO combines Lwice as rapidly with
haemoglobin just after its formation from oxy.
haemoglobin by admixture with sodium dithionite
(Nu,5,0,) as it does if the reduced haemoglobin is
move than 2 see. old. 1t is possible that the ‘freshly?
reduced haemoglobin might not have been s
completely reduced aud that small traces of Hh,0,,
Hb,0y,, etc., might still have been present. In such
an event, CO woulld have reacted with iron atoms
adjacent to some which were already combined with
0,, this leading perhaps to a faster rate of combina.
tion than in the case of ‘old’ reduced haemoglobin in
which no HbQ,, ete., could have been present.

In this paper, tests are given on the effect of initial
partial saturation of the haemoglobin, both on the
rate of combination of (O with haemoglobin and
on the rate of dissociation of oxyhaemoglobin in
presence of Na,S,0,, these two reactions being the
most satisfactory for studies of this kind. Adult
sheep haemoglobin was used, since it was the main
source of inaterial used in previous work, and further-
more it 1s not believed to split into submolecules, at
the concentrations suitable for our experiments. The
results were mostly negative, except perhaps in the
dissociation of oxyhacmoglobin at neutral pH. Here,
however, an interesting new phenomenon was dis-
covered, the oxyhaemoglobin in the presence of
Na,5,0, often uppearing to dissociate in two phases,
one fast snd the other slow. The explanation is
probably complex, and though not fully worked out,
it has been felt worth-while to discuss the data in
some detail, in view of the widespread use of
Na,8,0, for reduction of oxyhaemoglobin and other
substances of physiological interest.

(¢} Reecently, Nicolson & Roughton (1949) have
made o much fuller analysis than was possible in
Roughton's earlier paper (1932), of the rates of re-
action of O, and CO with haemoglobin in red-cell
suspensions as compared with the rates with haemo-
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globin in homogeneous solution. They beliove that it
is pussible, by their methods, to compute approxi-
mately for the first time, the permcability of the
red-cell membrans to Gy, and COL For tis purpose,
new and more accurate data were required on the
rates of the reactions of hnemoglobin insolution and
in the red eell. Such data were secured as o by
product of the main experimentat projects of this
paper, and a brief deseription of the actual experi-
ments is accordingly included,

. EXPERIMENTAL METHODS

G ENERAL PRINCIFLE

The reagents are prepared in separate bottles (2:3-3-01.
capacity) and driven thence. by compressed N, or air,
through separate leads into a mixing chamber, From there
the mixed fluid emerges into a glass observation tube. and
the concentration of the various haemoglobin compounds in
the streaming fluld at varioes points along the observation
tube are determined by Millikan's (1932) diflerential photo-
colorimetrie method (slightly modified). Sueh determinae
tions, together with a knowledge of tie rate of fluid Hlow
down the observatinm tube and of the {etal concentration of
each reagent, give the data required for measuring the
velocity of the reaction.

EXPERIMENTAL DETAILS
Mode of preparation of the reagenls

(a} Oxygen-free waler or huffer solutions. A hottle was
usually  hLaif-dilled with sohation, evaenated aud rolied
vigorously for 4 min. Nitrogen was then admitted tn
atmospheric pressure, the gas phase ro-evacuated and the
rolling repeated. Alternatively, the bottle was warmed to
ubont 36°, evacuated until the solution boiled. ruBed. re-
evacuated and rolled again without admission of X,.

{b) Solution of CO. The solution was first freed of O, as
it {¢). CO was then admitted to a suitable pressure and the
Lsttle rolled therewith for 4 min. (or longer if the bottle was
more than half full of liquid). The CO was cither prepared
fiom Na formate and cone. H,R0,, or drawn frony a eylinder
of compressed gas: incither case it was stored under pressure
over alkaline Na,S,0),, so as to remove traces of CO, and
vt 0y,

{r) Solution of O,. The bottle was partially filled with
solition as in (@), the air evacuated off, repliced with a

ditable pressure of O, and rolled for 4 min. or longer. The
« neentration of dissolved 0y, or of CO in (), was caleulated
fram the composition of the gas phase, its pressure, the
veolative volumes of gas and liquid phases and the appro-
ttinte solubility cocflicients.

(d) NayS,0y solution. The standard coneentrations used
Cere 01 and 0-2 95, and were prepared by dissolving weighed
< mounts of the solid in the buffer solutions with minimal
contact with air. Ni,S,0, in solution develops acidity, aml
appropriate amounts of NaOH (as determined by the pluss
clectrode) were alzo added to the butlers, so us to restore the
fatter to the stated pH values.

(e) Reduced haerioglobin solution.  Defibrinated sheep
hlood was reduced by repeated evacuation and shaking
while warm, as described hy Forles & Roughton (1931), the
whole process taking 30-60 min. The reyuired volume of

reduced blood was then transferred anaerobically, via a
mereary reservoir aned burctte, to the botte containing U,-
free water, the final hacmoglobin concentration  being
wanally ahout 0-4 9,0 at which strength adult sheep haeno-
ulobin shows no tendeney 1o dissociate into submolecuales.
It was not found satisfartory to prepare reduced haemn.
wlobin merely by adding NagS,0, since, as previous work
has shown, there is danger, on prolonged stunding, of forma-
tion of varianble amounts of choleslobin (Legpe & Lemberg,
Lod1) and possibly of vther compounds.

(f) Orybacmoglahen  sulution. This was  prepared  in
several ways: (i) by aedding o snitable volume (usually 1in
30) of defibrimated sheep blood 1o acrated water; (i) the
reduced blood, prepared s in (¢}, was re.acrated by 1y min.
rotation in a tonometer with air and then added to the
acrated water; (iii) the redueed blood was added to 29 parts
of water, previously equilibrated with 0, at a partial
pressure of oo mm. Heo the dissolved Oy content of the
water heing suflicient to re-oxywenate the haemoslobin
almost ecompletely. The purpose of methods i) and (i) was
tr control for pussible changes in the hacmoelobin which
might  occur during the reduction process  deseribed
utiser (e).

ty) Carboryhacmoglihin solution. This wis only required
for calibration purposes and was prepared by adding 1 part
of defibrinated sheep blood, which had been rotated for
15 min. with CO at 1 atinosphere pressure, to 29 parts of
water,

The special reagents reguired for the experiments on the
red-cell suspensions are described in the section dealing
with the red-codl results,

The reaction-velocity appuaratus

The reagent bottles were comnected via a tube of 3 mm,
bore, with a tube of capitlary bore in varallel, to cither side
of & two-way Perspex mixing chamber. The rate of tlow
could thus be varied about threefold, according to whether
the 3 mn. bore tube or the capillary tube was open. The
observation tube was first of the form shown in Fig, 1.1, but
Jater when more extended times of reaction were required,
other forms (Fir. 18, ) were used. Type [3 proved un-
satislactory for red-cell suspensions, since a rotatory motion
was imparted to the tuid when it entered the enlarged purt
of the tube, thus resulting in a partial sedimentation of the
red cells, easily visible in optical irregularitivs as the Huid
teft the enlarged part of the tube, The form of tluid motion in
type € did not cause suchirregularity. The driving pressures
ranged from 20 to 40 em. Hyg and the rate of dlow down the
observation tube fiom 30 to 150 em.’sce. The mixing
chamber and observation tube were attached to a vertical
adjustable stand, by means of which difterent parts of the
obgervation tube could be brought under examination.

Differentinl photocolorimetry

Light from a 6 V. 12 W, projection Lunp, ted by two 2V
accumulators in series (for greater stability the lamp was
thus run below its maximum brichtness) was focused on to
the obseevation tube, The beam then passed throush o ved-
green filter, as deseribed by Millikan (1932), and thene
on to an BEL dibrentiad seleoium el cvans Eleetro-
selenium Lad, Harlow, Essex). The photocurrent generated

by the latter was recarded by w Pye movig-coil sdvino-
meter (detexion 490 mm, g at 4 me scale distanee, tune of
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Bedi ation alent Basee) A caely position of the observa-
fien tahe, the behit heam was =0 foensed and the red-green
filter sa adjusted tiat ) the wahvanometer deflexion was as
L zeroas possible gsmall residual deflesions being halanced
ol by s compenisua g potentiometer), {i1) the chango from
u\‘\'h:n‘umulnl-iu (ot ('alrlu)\_\'h:wmngh.l»in) to  rednced
harowlobin cosed detlexion of M1-120 min., A reading
wae then tiken with redoced hacmoglohin Howing throngh
the tube, then with the reacting fluid, and finally with
<-\_\h.lmnm_'ln!»m or earboxylinemoglobin andoanl. Errors
dae oot in Dbt intensity aml or photecel] sen=itvity
are thu- muach redueed,

A B C

Fig. 1. Various forms of observation tube in this paper.
A, general form; B, furm for special study of processes
with a rapid phase and slow phase; €, form for study of
red-cell suspensions,

Under our conditions, as in Millikan's, the proportions
of the various haemoglobin compounds present (i.c. the
‘percentage saturation’) were obtuined by lincar inter-
polation from the end-point readings. That this provedure
was correct to within 1-2% <aturation was checked, Loth
by Millikan's theoretieal method and also by means of
haemoglobin solutions of known perrentaye saturation.

RESULTS AND DISCUSSION

1. The rate of combiration of dissolred carbon
monocide with reducerd hatemoglobin

A. Haemoglobin solutivns. In Fig. 2.1, Bis shown
the rate of combination of a solution of CO in water
(0-22 ) with («) fully reduced Hb (1125 M), and
(b) the smune hnemoglobin contaming initially 199,

COHb. The haemogiobin sohttion was made up of

1 part biood + 28 parts of 0-1-ammonium ehlorids
.. 0-03M-ammonia buffer mixture, pH approx. @5,
temp. 17°. ‘The rates of reaction do mnot difter
materially provided allowance is made for the highee
total concentration of CO, dissolved and combined

in ().

T T T
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Fig. 2. A, rate of combination of CO with reduced Hiy;
B, rate of combination of CO with 190, COHb L,
reduaced b,

Tf «=total concentration of €O, dissolved and
combined, f=total concentration of haemoglobin
expressed in gas-combining capacity of O, or (0,
2 o= concentration of COHb at time {, then equation
(3) may he written

zlz__l, N1
T (x—2) (B—2)—1, 4)

the constants &’ and k boing replaced by I"and !, soas

- to distinguish the process as a CO reaction. The

'l 3 1 1 1
00015 003 0045 O 0015 003
Time (sec.)

versus time. A, for data of

Fig. 3. Plot of L.
. o ﬁ

z
Fig. 2 4: B, for data of Fig. 2B.

term, Iz, can be neglected until almost the end of the

reaction, and ecquation (4) on integration then gives
, 1 e—2z
I't= - —- In ——— 4 constant.
x—-p p-z
%—2z

Fig. 34, I shows the plot of t versus —}—- In -—
xa—-B  p-z

respoctively for the experiments of Fig. 2. The points

[0

—
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fall within experimental error on straight lines of the
same slope in the two cases. A similar result was
obtained in u duplicate experiment at pH 35, andd
also in & pair of experiments at pH 68 (0-05 M-

phosphate buffer, temp. 16-177). Av the anore.

alkaline pti the reduced haeinogiobin is almost came
pletely ionized, and at the more acid pH almost comn-
pletely unionized, as regands the oxyviahile group
{pK approx. 8) whose jonization is aftected by come
hination with O, or CQ, but in beth fornis the sitple
equations appear equally applicable. The eAperi-
ments of Fiy. 2 indicate that the reactivity of
partially saturated haemoglobin to CO s the sante
whetlier the system i in equiiibrinm o isinastate of
change, and thus give no lhelp aa to the veason for
fuster eombination of CO with new’ hacmostobin,
reforred to in the introduction. No rige in s te e
seeny in tho later stages. but this was searcely 1o be
expected sinee the veaction was only followed to
about 60 ¢, of complet o, Firo 4, however, shows

1 x- 2 .
the plot of ‘“B In ==~ against ¢ for 10 points ob-
5 - z

tained in w previously publishid experiment by
Bateman & Roughton (1935, fir. 2). In this case the

1 ¥ T

1 1
0 o0 002 003
Time (sec.)

Vig. 4. Plot of »—1—~l %% ersus time for rates of CO
«

n -

BBz
combination as given by data of Bateman & Roughton
(1935).

1.1te of combination of (O with hacmoglobin was
followed to about 85 %, of completion, by two inde-
pendent but concordant methods (thermuoclectrie
ind photoelectrie), The first four points, which just
span the first half of the reaction, arve seen to full
satisfactorily on o straight live, as in all previous
stieh data. DBut the latter puints elearly Jie well above
the line und indieate that in the later stupes the
Cdeulnted vatue of 1 tends to increase to -4 or so

times it initial value, An inercuse of this order is 1o
be expected onthe developient of the intermodiate
compound theory, considered clsewhere by Roughton
(11149). :

B. Comparison of haemonlobin solutions and red-
erll saspensions. Fhe previons experimental data
n=cd by Rowgrhton (19327 in his theoretieal investigi-
tion were defective in several respects. (iy The
solitions und suspensions were not prepared from
the <mine souree of blood, thongh it is known that the
Hb-reaeten rates show appreciable scatter hetween
indin idiais of tie same species (Table 3 Roaghton,
1932y, (0 The determmations of haernmzlobin
caturation were made with the reversion speetro-
~cope. which was not onty less aecurate thin the
present plotoclectrie technique, but was, further-
more. net available in the carly phases of the proeess
i, saturation 4-300 00 wherein the theoretical
Lreatmment is most relinbles (i Mast of the data
were nhtained on Oy nptake, whicliis physiclogically
of mueh more interest than CO uptake: from the
theoretical point of view, however, the latter process
is more satisfactory, in view of its slower rate and
absenee of appreciable back reaction. We therefore

o
<

]

Carboxyhaemoglobin (%)

~
L=}

1 i |
0 002 004 006
Time (sec.)

Fig. 5. Rate of combination of (0 with reduced Hb solu-
tion and with reduced corpuscle suspensions of ram and
pregnant ewe blood. Hb solution {ram, ewe), @ —@®:
ram cell suspension, ——-; pregnant ewe cell suspension,
X X

decided to fill in these gaps, by duing several experi-
ment= on the rate of CO uptake by haemoglobin
solutions and red-cell suspensions, both prepared
from the same sheep blood.

The red-vell suspensions were prepatel by adding 1 pare
of blood to 29 parts of Rinwer-Locke ~olution (e, Nat'l,
042 1 KOL 024 2 Cally, 02 w0 NaHUO, Ly Fhe sospen-
sions were periodicatly stivved pwith mwimal air contaett so
ws 1o keep them uniterm throughout the experioent. For
the haemoulabin solutions the hlood was Liked by wdding
14 parts of distilled water, amd then 15 parts of doeabh

*2&».‘.:,.
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strencth Ringer-Locke solution. The CO solution wis made
by bk Rinver-Locke solution with O at appropriate
prossires. s deseribed above for CO hoiker sobutions, Fonr

I~ JoWLEGGE

CXpenteats swere done altogether, two on vam blood and
twe o Bt fpoan Prepmant ewes (kindly sipplied by tho
bte Sir doseple Barerafuy, -

Fig. 5 shows that the rates of (O uptake by the
ram and ewe hacmoglobin solution aee e sne, hat
considerably faster than the rafes by the corpe.
sponding coll suspensions, which Jiffer from ono
ancther. the rate of the ram el suspension being
abont B4 tires faster than the rate of the ewe coll
suspenston. This interesting difference was confirmed
in aother experinents of the series, nnl s helieved to
he mainly due to a el fower permeability of the
pregnant red-cell membrane. The theoretical biter-
pretation of these results is under mmvestigation by
Nicolson & Roughton (1949), and some of thejr pre-
mnary comelusions have already heen published
(Lepre, Nicolson & Roughton, 1949, thougly these
require modification in view of the recent determing.-
tions of the diffusion coctlicients of CO aud Ny in
33-40 ¢, (W) haemoglobin solutions (Roughton
cfal. 1019y,

2. The rate of dissociation of oxyhucmoglobin
in presence of NagS,0,

A Huaemoglobin solutions. Hurtridge & Roughton
(1923 ¢) found that the rate of dissociation of oxy-
haemoglobin in presence of Nay3,0, was independent
of the concentration of the latter, provided this
exceedoed a minimal value (approx. 0-190). They
therefore supposed that a two-stage process takes
place, viz:

Oxyhaemoglobin =:haemoglobin + dissolved Q,,

(e}

O, + Na,S,0, »oxidation prducts of Na,N,0,, (b)

and that when thé limiting Na,N,0, concentration
was exceeded, reaction (0) proceeded sa fast and
completely that Oy is kept negligibly small. Under
these circwmnnstances the rate of recombination of dis.
solved O, with hacmoglobin in reaction () would
also be negligible, and the overall rate of dissociation
of oxyhaemoglohin pave the speed of reaction ()
from Left to right without appreciable back reaction,
The rate of dissociation of oxyhacmoglobin, so
ohserved, was found to follow a unimolecular course
from 809 O,Hb downwards. Millikan's morg
accurate work led to the same conclusion, and his
experiments un the rate of dissociation of axy-
haemoylobin and oxyhacmoceyanin in presence of
Na,8,04 gave added support to the original mech-
anismn which has for some time heen generally
accepted. There ure, however, still some points in
regard to the speed and order of veaction {b) which
need to be settled if the whole process is fully to be
understod.

D F. J. W, ROUGHTON
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Fig. 6 shows the results of one of two coneordyy,
experimentsal pHapprox. 10,0-1 9 NagRy0y, on
rato of dissociation when tho hacmoglobin Wy
initiadly (i) 99 1009, saturated, (ii) 50-609%, s,
ated. The points in the lutter case fall, within CX ey,
mental error, on the samo eurvo as in the forn,.

100 (—=— i

80}

s}

Oxyhaemoglobin (°;)

20

I L ]
0 02 04 06 08 10
Time (sec.)

«

Fig. 6. Rate of dissociation of O,Hb in presence of Na 8.0,
at pH 10, temp. 11°, ® =100 % O;Hb at start; x =00,
O,Hb at start,

case. The enrve is logarithmic between 70 and oo,

O,Hb, and in this range the kinetics of the reactioy

thus conform to the equation ;
—d[O,Hb '
————%{2-] =k{O,Hb].

Between 100 and 80 9 O,Hb the curves of this paper

“show a lag period, as do also Millikan’s curves (1932),

when closely inspected. This lag has hitherto beey
attributed to reaction with the Nu,8,0, of the excess
of dissolved 0, which is initially present just afier
mixture (i.c.at about 75 mm. p0,, where pO, = partial
pressure of (3,) and has to be reduced to a Jow value
(e.g. about 10 1. p0O,) before reaction (@) can oceur
to an appreciable degree. The lag period, however,
continues further than would be expected if this
were the wholé explanation. This point may be
lustrated by considering in more detail the four *
Peints in the experinent of Fig. 6, in which the
O,Hb started by being 99-1009, saturated. The
actual numerical data of y and ¢ are shown inTable 1,

Table 1. Determination of velocity constant for rate of
disscciation of oxyhaemoglobin over various time
intervals i

Percentage
saturation Time in see.
(%} ().
100 0

87 0-31
71 042
35 0-58
20-4 072

&
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together with the caleulated values of k over various
time ranges. The value of ki seen torise to a platesu,
put does nob rouch it until ¥ has fallen to 70%,.
Consider the range hatweon ¥=87% and y=71%.
Aty=8T% the equilibrinm pO, at the temperature
of the cxperiment, 11°, would be 27 mine, and at
§=10% it would bo 2-0 . The maximum amount
of physically dissolved: Qg which the Nt Oy would
have to remove Over this range woull only be
%(‘% ¢ « (037 {=solubility cvetficient of Oy in
1

water) = 0-000034 ml./mt. The combined O, which is
removed on the other Land amounts to

8771 - .
’166‘“ x 0-003 (= gws-(-um\)um\g(‘upucxty of fib sob)

= 0-00048 ml.nl

As the latter figure s 14 times greater than the
former, it seems= imposs<ible that the Tow value of kin
the range 81-71 9 0,Hb should be appreciably due
to the dissolved O offeot. Ttnust, in fact, be in the
main due to 4 gentine Linetic feature of the dissocin-
tion of O ,Hh. s is indeed to be expectedon the theory
put forward by Rouglhton (1948). This feature had
hit herto esvaped notice, partly owing to the paucity
of dissociation rate data above == 80094 and partly
through being obscured by tho dizsalved O, eftect,
the importance of which s undoubted between
y=1009 and y= 95 9 (about), bul fades out very
rapidly when ¥ falls helow 95 6.

Fig. 7 shows the results of vne of two concordant
experiments at pH 68, In Lhese cases, OWing t the
greater speed of the renction, there are not sufticient
dita in the upper range for a decision as toan fritial
Iy period. Both expuriments showed a rather faster
initial rate of dissociation in the casc of the partiadly
swturated baemoglobin than woull be expeeted
from the eurve for the fully caturated havmoginbin.
The offect s, however, overshadowed by a move
remarkable finding, namely that the dissociat jon
appears 1o proceed in two phases, & rapid one from
150 to about 309 O,F1b, and then aslow one from
% to 09, O,Hb. This Jatter phase takes several
seconds to reach completion, aswas ghown by follow-
ing the progress of the change when the running
ilvid was suddenly stopped. Human haemoglobin

Table 2. Comparison of rale of dissvciatior

at pH 6:0-T-4 (Fig. 2; Millikan, 1036) shows a gimilar
diphasic effect, which is brought out clearly when the
logarithm of U,Hb concentration is plotted against
tirme. The discrepancy in the rates of the two phascs
is, however, not so great ns in Fig. 7. Perhaps thiis
wis why Millikan dul not notice or comment on the
effect. Later in this section the matter is investi-
gated nnd discussed further.

100
A}
AY
80 |-
)
~
(=}
o 60}
L
w0
[+
£
a
£ 40F
3
o
+
20} % x = <
l 1 i 1
Y 005 010 015
Time (sec.)

¥ig. 7. Rale of dixsociation of Q1D in prescnce of Na,$,0,
at pH 63, temp 155, @ =100 0O,Hb at start;
x =517, UMb at start.

13, Compuarison of haaemoglobin solutions and red-
eell suspensions. Kaoughton (1932) found that the
rate of dissouviation of (>x)'1m9nmglubin in sheep red-
cell suspensions was aboub one-quarter of the rate in
homogeneots solution. A similar ratio is suggested
by Dirken & \ook's (1831) data onox haemoglobin,
though Millikan's results (1032) for human haemno-
globin indicate a rather lower fimue, In nearly all
this carlicr work, Lowever, the pH of the interior of
the red cells was probably not the same as that of the
haemoglobin solut ions. and part of the observed
difference in the dissocintion rates might be due to
difference of pl [, which has & Large effect por se.

e have tried to ohviate this difticnlty by working
at, the isveleetric point of hacnoglobin (pH approx.
¢-8), for here there is practically no differvence in pH
betweon the interior of the red cells and the sur-
rounding liguid.

v of oryhaemoglobin red-cell suspensions

and haemoglobin solutions {(rum)

Lemp.
Ram no. pH )
1 68 15
2 68 135
71 13:5
3 68 14
71 14

Biochem. 1930, 47

Half time of dissociation {sec.)
N e s S

Fanemutani s T ™
(a) Hb rolution (W Celt suspension (@)ih)
003 o1t u-2l
003 16 (IR U
0-ud ol [URA]
403 o-b2 ([}
V03 o1y ol
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The ved - eedl suspension. the hacmoglobin and the Na,=,0,
were therelore all anade up in Ringer-Locke  solution
outtered with a bivarbonate4d ), mixture of pH 6:8-7-1. The
procedare wins thus the sane as in section I, save that the
Na HOO, concentration in the Ringer-Locke solution was
nerrased from 0es oo Lt 41 1oaned all the solutions weve
tinally eouilibratd with (O, at pressoapes of 150300 man.
Hp. e tnal con Btrations in the miaed fluid were g,
NS0y and T part of Llood in 60,

Tabde 2 summarizes the results of comparisons
cartied out with Bleod from three different roms.
The mean ratio. at phE G for the rate in cells to the
rate i ~olution is 0220 and s about the sane at
ptl a1, thus condimming the resultts of the earlier
\-xpe*rimvnl&'I‘h«‘m.nlwm:lln-all interpretation of the
preseut datans also uneder imvestigation by Nivolson
& Honsditon (P9,

L Farther stodag of e apparend i phusic dissocio-
tiom of aryha spcplaline ab poudrnd pli. Thix observa-
Lion aroused owe niterest for several reisons, (1) 1t
ight have some fresh hoaring on the nature of the
recetion between oxyaen and hacnoelobin, and I
particntar might provide new evidence that one of
e four luenm groups in the malecule hebaves
difforently from the cther three. (i) 1toight be
related to Roughton’s (1934d) uncxpl:lim'(l obacrya-
vion that  when dilnte sheep oxyhacigglobin,
hetween pH 6 and 7. suddenly mixed with O,-free
water, the oxyd aemogiobin iszocintes in 1wo stages,
about two-thinds of the oxyien coming off in about
0-5 soc. and the remainder over a period of several
scconds. (i) In the cirenlating blood x vivo it is
often observed that the venous blood  contains
approciable rc
body, or particular organs of i, are ina state of
gevere oxygen want. It seemed possible that a slow
final phase in the rate of axyhaemaglobin dissocia-
tion might he a factor converned in this effects

We therefure carried nut =ome tharty experiments
altogether in the hope of elucidating the matter
further. Unhappily the results were irregular and it
wasg only in the latter weeks of our collaboration that
we got sati-fuctory elues as o the sources of the
VArying effects.

1n fifteen experimentz nt pH 68 (1)-03 M-phosphate
buffer, temnp. 9-19 ) a break wag found in every ease,
but the percentage saturation at whicl the break
occurred (referred to as the 'plnt(\un’) varied from
3 to 309, O,Hh. Three to five tests were also made at
each of the following pH values: 6-2, 7-1, T4 and 707
(all in phosphute Luffer) and at pH 68 and 7-1 in

cerves of oxveen even when the whole

CO,-bicarbonate buffer. In the three tests nt pH 62,

the plateau occurred at a much lower pereentage
0,Hb than with the same haemoglobin sotution at
pH 68, but at the other pH values there was no
marked differcnee from the results at pH 6:8.

In three out of four experiments on the cell sus-
pensions (in CQO,-bicarbonate buffer, pH 6-8-7-1), no

distinet platean was seen at all and in the fourth one,
enly a rather low ‘platean’ at about 99, O,
There thus appeared to be a genuine differcnce
hetween the haemoglobin solutions and the cop.
pusele suspensions, and sinee NS0, and its pr.
luets of oxidation, are not believed to permeate tie
rod-cell membrane, or at most only very slowly, i
ceemed that the diphasie effect might be assoeiateg
wit b some setion of Na,S,04 ot its oxidation produ: .
on Lhe haemnglobin. In o control experiment o
whirh the Nag8,0, eonventration was varied tw..

fuld, the diphasic course of thoe reaction was v

affected : thissuggests that the prmlmztsnfroacti(m ot
NS0, with O, rather than the NayR,0, itself,
respousiblesinee their concentration (nnderconstin
haemoglobin conditions) would hardly be altei.{
when the Nay®,0  concentration is halved or double i,

Further support for this view was obtained alouy
the following lines. In the majority of the later te-is
he mixture of O;Hb and NagS,0y, which had run
through the apparatus, was allowed to stand by
15 see. and then stowly siphoned hack through ti..
observation tube, so as to serve as the source of 1+
duced haemoglobin for calibration purposes at ciny
vhservation point. This standard may be referred to
as reduced haemoglobin A, Two other forins of
reduced haemoglobin standard were also used on
various oceasions.  In hoth cases & solution of com-
pletely reduced haemoglobin (prepared as described
in the seetion on experimental methods) was mixed
in the reaction apparatus with the N, N0y solution
and either collected and similarly siphoned back
tlirough the ohservation tube (= reduced haemo-
globin 1) or readings were taken on the mixed fluid
as it travelled down the observation tube before
callection { = reduced haemoglobin (). Incertain of
the later experiments* the reading given by reduved
haemoglobin A ditfered appreciably (in the sensc of
appearing to he more reduced) from that given by
reduce] haemoglobin Bor C, and in such cases u high
‘plateau’, of the order of 209, O,Hb was seen. On
the other hand, in five experiments in which no
apprecinble difference in reading hetween reduced
Lacemoulobin A and B (and/or 0) was observed. the
‘platean’ was always low, i.e. not more than 10°%
OMH b, OQur general conclusion was thus that in
cortain cases the oxidation products of NaS(}
produced abnormal haemoglobin pigments, and
when this happened a much more pronounced,
apparent ‘platean’ was found in the rate of dissoria-
tion of the oxyhaemoglobin.

* In one case reduced haemoglobin standard 4 was alse
made from blood dissolved in oxygenated water (pO,y -
730 mm. Hg) as well as from the usual blood dissolved in
acrated water, (pOg = 150 mm. Hg). The oxygenated Hb on
mixing with the Na,S,0), gave & standard which appeared,
photocolorimvtrically, to be distinetly more *reduced’ than
the serated Hb, when similarly treated.

i
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This view was teated further by eollecting the
reaction mixture ag it left the observation tube ina
test tube half filled with CO-suturated buffer con-
taining Na,8,0,. Whon the test tube was full, the
solution. noav 1 in 120 with respect to the originud
blood, was examined immediately with a hand
gpectroscope or & Hurtridge reversion spectroscope.
The light path could be nide to truverse up to 15 e,
of liquid. When OpHD (partinl pressure of Oy =02~
1-0 atm.) and buffered Na,S,0 wepe allowed to react

and were examined in this way, a faint but definite’

band was visible at 828 1y inone experiment. No
such band was observed when reduced hacmoglobin
and NS0, were allowed toreact aud were simtlardy
examined. The “platean’” in this exvperiment was at
about 18 ¢, O,Hb, i.e. in the hiclier range.

The blood used in this experiment was stored
overnight m the refrigerator and the experiment
repented next day under i elosely siilar conditions
as possible, In this ease the band incthe red was Joss
pronounced. and the “plateau” was found to have
dropped to abont 39 G, b As to the cause of the
difference of behaviowr on the fwo sineeessive days
we have at present no ¢lue, b the vaorrelation of the
pronounced “plateau’ with the appearance of the
band in the red is striking. The conditions under
which the lntter was obtained are consistent with the
supposition that CO-choleglobin (Leguze & Lembery,
1441) or perhaps CO-cruoraibin (Holden, 1943) had
appeared.

For the present purpose it is unimportant whether
choleglobin or erucralbin is formed. Although the
band observed was that of a ferrous CO compotnd
(the CO being usedt 1o stop further coupled oxidation
and to form a derivative with a sharp handed
speetran), the ferrous forms of both the ahove com-
pounds have absorption bands in the 620-630 my.
yegion in thoabsence of CO. The presence of cither. in
sufficient amount, could invalidate our interpretation
of the galvanometer deflexion in terms of only oxy-
aud reduced haemoglobin, In view of the arbitrary
way in which tho galvanometer was adjusted to zera
by movement of the red-green filter it is not possible
10 state, on the basis of the published data on the
absorption of choleglobin or eruoralbin, what con-
centrition of these compounds would be required in
crder to simulnte o given oxyhaemoglobineredueed
hicinoglobin mixture in the apparatus,

Additionnd ovidenee that part of the “diphasic’
conrse of the reduction iy e accounted for by the
presence of other piginents is provided by o few
experimonts which wero eneried out for us by Dr
1. Chanea with his refined  photoelectronie rapid
reaction apparatus.  In these experiments mono-
chromatic light of wavelength 578 my. was used, the
percentage reduction beingobtained by the ditlerence
in abserption of oxy- and reduced hacimoglobin at
this wavelength., The reduction appeared to be o
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first. order reaction all the way, no gigmificant second
phase heing detected.

This tentative explanation of the “diphasic’ re-
duetion of oxyvhacmoglobin does not, however,
account for all the aspects of the phenomenon. The
fact that o slow decline in the apparent concentra-
tion of oxvhacaoulobin ix observed during the
second phase of the reduction, is inconsistent with
the supposition that the concentration of chole-

clobing is mereasing at this perind m the course of:

the resctionsand suguests that o fonrth compound,
in additin to oxyvhiemaglobin, reduced  haemo-
plobin and cholegiobin (or ernoralbing, nay  be
present.Fhis might be aprecursar of the cholegiobin
observed spectroseopteatly 2-3 sce. after mixing.
Farther investigation of the problem, however, will
have to await an apparatus such as the one con-
structed by Chanee (1447), which isable torecord the
absorption at =everal wavelengths simultaneously.

Afthoush the matter hasnot yet been fully worked
out, we do feel it veasonable to conclade that a large
part of the appaent “platcau’ when the latter is
high. i= due to the appearance of abnormal pigments,
rather than to w genuine diphasic dissociation of
oxyvhaecmoglobin, We cannot, however, at present
exclude the possibility that the fatter ay exist ina
minar degree, but to be «ure of this it would bo mnost
desirable to use gasometrie as well as speetroscopie
methaods of detection. 1f, nnd only if, sueh combined
test= turned out positive, would it be worth while to
consicler further the hearing of the “plateau’ upon
the three questions, Hsted as (i, (i), and (i) at the
beginning of the present section 2, As regards the
apparently faster initial rate of dissociatiom of the
partially saturated hacimoglobin. shown in Fig. 7, it
may be largely due to the presence of asmaller pro-
portiom of oxidized NagS, Oy products thanin the case
of the fully saturared haemoglobin.

Two other possible explanations of the “plateau’
we believe have already been ruled out. (i) Hydrowen
peroxide is known ta be formed during the oxidation
of Na,8,0, and this might bedecomposed by the
bload catalase and the oxyuen so formed reoxy:
genute the bacmacglobin, thus setting up a temporary
eyelie process. Ina control experiment in which
sodium azide was added to give a final conecutration
ol 0:001 M-sodium azide (g0 ax to inhibit completely
the catalase of the blood solution) no difference in the
diphasic course of the reaction was found. the
platean remaining at approx. 189, Q,Hb. i) That
the NigS,0 may only react slowly with dissolved O,
at the very low partial pressures of the latter which
must exist during the last stages of dissociation of
O Hh. It so. the red-cell suspensions should also be
similarly affeeted, which they e not: furthermoe,
the speed of the slow phase shoudd be dependent on
the concentration of Nig=,0 0 which has adready
been shown not to be the ease,
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In conelusion ity bonoted that dilute solutions
of Laemonlobin and of Nay=,0 cave both muceh mare
labile at pH 7 and below (e the range inwhich these
oftects appear) than at alkaline pH. Althongh
NayS,04 has proves] of groat serviee i studying the
Linetics of dissociation of oxveen-carry g pigment s,
it 2 a preat pity that po =atisfactory aliernative
has been discovered for this

oxyeen absorbent

purpose, particnlarly in the neatral pH range.

SUMMARY

I. The rate of combination of X with haemo-
globin (Hb), where X = oxygen or carbon monoxide,
has  hitherto been expressed by the equation
dINHLY dr =L IX T [HL] - A XHD], which has also
heen applied to the dissociation of X from hremo-
globin. In the Later stages of combination, however,
it is now found that the caleulated value of 17 tends
to rise appreciably, whereas in the carly stages of
dizsociation of oxy haemoglebin (O,Hb), M tendsto e
much lower than the plitean valae which it attains
after the dis<ociation is abour ane third completed.
Thuese discrepancies ave in line with expeetations
based on the intermediate compound theory.

2. Inall previous kinetic work the hacinoglobin at
time zero has been either completely in the form
NHb, or in the form Hh, Theovetically discrepancies

1950

might oceur if the haemoglobin was partially satur.
ated at tho outset of the reaction. Fxpervimental
tests, however, gave negative results in the case of
combination of carbon monoxide with Hb at pH 6.8
and 10, and also in the dissociation of O,Hb
presence of NuyN,0pat pH 10:0, but at pH 6-8 asligh
positive effeet was observed with the latter reaction,

3. At plL6-8, and at neighbouring pH, the dissor;.
ation of O,HDL in presence of sodium  dithioni-.
(Ni,8,0,) seems to oceur in two phases, a fast on.
from 10095 O,Hb to 204109, 0,11, followed .-
a slow final one taking several seconds. Contre
showed that a large part of this effect is probably
to sceondary effects of the oxidation produects ¢
Ni,pS,0, upon b, leading to formation of chol -
globin and related products, the presence of whii,
might well interfere with the estimation of t .
O,Hb/Hb ratios by the Millikan photocolorimets .
method used in this paper.

4. New determinations are given of the compara-
tive rates of combination of carbon monoxide wii),
sheep haemoglobin in solution and in red-cell su-.
pensions. Similar experiments on the rates of dis
soeiation of O,HDb in solution and in the red cell are
alzo given.

'The work described in this paper was carried out during
the tenure by J. W, L. of a Research Fellowship from the
Wellcome Trustees. )
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On the Effect of Oxidlzing and Reducing Agents on the
Hydrolytic Activity of the Pancreatic and Hepatic Lipases

T. J. Meerson and> K. M. Shleifer

Division of Biochemistry (Head—Prof. A. M. Utevsky) of the Ukrainlag
Institute of Experlmental Medicin (Director — Prof. S. J. Steinberg)
In the previous investigations the authors established that

ascorbic acid can inhibit the hydrolytic activity of the pancreatic

lipase up to a complete inactivation of this ferment.. This inhi-
bition is reinforced by the addition of even small amounts of
copper sulfate and diminished under the Influence of substances
which inhibit the autooxidation of ascorbic acid. Ir order to
study in more details the conditions influencing this process,
the authors studied in the present paper the effect of ascorbic
acid on the pancreatic and hepatic lipase and also the effect
of some oxidizing and reducing agents on these ferments. The
results of these investigations showed that the inhibition of
pancreatic lipase by ascorbic acid is probably of irreversible
nature, as under the following action of hydrogen sulfide
or sodium hydrosulfite no restoration of the lost activity is
observed. No spontaneous regeneration of the ferment activity
is observed in experiments with prolonged (20—24 hours)
exposition of ascorbic acid with pancreatic lipase. In the
presence of iron salts (Fet+ and Fei++) the inhibition of the
pancreatic lipase by ascorbic acid is lower as in adding
copper sulfate, and even lower as the inhibition produced
by the ascorbic acid itself. Ascorbic acid 4 Fet+ or Fert*
did not afiect considerably the hydrolytic activity of the hepatic
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lipase (tributyrine). In contrast to the non-fermentative catalysis,
the enzymic oxidation of ascorbic acid (ascorbinase of cucumber
juice) has no inhibiting effect on the hydrolysis of tributyrine
of pancreatic lipase. The absence of an inhibition of methyl-
butyrate hydrolysis by hepatic and by pancreatic lipase under
the influence of ascorbic acid is also of great interest-

The system cysteine = cystine has the same eifect on the
pancreatic and hepatic lipase as the system ascorbic = dehydro-
ascorbic acid. Cystelhe inhibits the pancreatic lipase, cystine
has no effect altogether. :

Experiments with the influence of some chemical oxidizing and
reducing agents showed that the reducing agents do not inhibit
the hydrolytic activity of lipase (H.S, NaHSOs and Na.S;04)
permanganate which oxidizes by atomary oxygen inhibits very
actively, hydrogen superoxide has a very weak and irregular
effect; ferricyanide and methylene blue have no influence
on the activity of the ferment. The differences between the
hepatic and pancreatic lipases in regard to their comportment
with different oxidizing and reducing agents are more of a
quantitative character (the hepatic lipase is somewhat more
resistent to the effect of oxidizers than pancreatic lipase).

The results of these experiments disprove the supposition
that the inhibiting effect of ascorbic acid and cysteine is con-
ditioned by the hydrogen atoms which are split off during the
process of dehydratation. The supposition is more probable that
during the autooxidation of these products intermediate pro-
ducts with a higher oxidizing potential are formed, which
include into the oxidation some enzyme groupings that are more
resistent to molecular oxygen or accompanying substances that
are acting as activators.

Finally, resuming the results obtained, the authors want

to emphasize the following two moments:

1. In experiments in vitro the inhibiting effect connected
to oxidation-reduction processes was established much more
sharply than the weak and instabil, activating eifect. The
opposite effect of these processes on the hydrolytic and

Synthetic actlvity of pancreatic lipase is not a regular law ).

\——————

1) In coliaboration withK. LStrachitskythe authors have established
M inhibiting action of ascorbic acid and cysteine on the synthetic activity
of this lipasc.

— 246 —

T.h.is proves more complex relationships between the reverg;
pllxty of the action .of pancreatic lipase and the oxidatlon-reducl
h_on processes. These relationships are not reflected by u.:
simple scheme oxidation-—synthesis, rcduction——hydrolygis,

2. The differences established by the authors in the effe,
of fermentative and non-fermentative oxidation of ascorbic :mnt
on pancreatic lipase put forward the problem on the influcn.-;:
of different systems taking part in the processes of hydrog. .,

and oxygen transporlation on the activity of lipolytic fermeny:. .

In this respect further researches are carried out by t,.
authors.

8¢
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The Enzymic Hydrolysis of Adenosine Triphosphate
by Liver Mitochondria

2. EFFECT OF INHIBITOTRS

AND ADDED COFACTORS

By D. Ko MYERS* axn I, ¢, SLATER
Laboratery of Physiological Chemistry, 1 niversity of Amsterdam, Netherlandst

(LReceived 4 March 1957)

In the previous paper (Myers & Slater, 1957 a),
experiments were reported which were interpreted
on the basis that four ditferent enzymes or enzyme
systems woere responsible for the hydrolysis of adeno-
sine triphosphate (ATP) by liver mitochondria,
under varions conditions.  Fach of these systems
appeared to be relatively specifie for AUP. Three of
the four enzyme systems were activated by dinitro-
phenol (DX P) which suggrested that they contained
components which 1aight be involved in oxidative
phosphorylation.

In the present paper, the effect of various in-
hibitors of the respirntory ehain ou the hvdrolysis of
ATP s exsmined. This investipation was under-
taken in order to determine whether any of the
members of the respivatory cham ave directly in-
volved in the enzymie hydroivsis of ATP by mito-
chondrial preparations, as has been suggested in
some formulations of oxidative phospharyvlation
{e.g. Slater, 19533a).

A prelimivary report of sorae of these results has
appeared (Myers & Slater, 19574).

METHODS

All the methods have been described in the previous paper
(Myers & Slater, 1957 ¢).

The diphosphapyridine nucleotide (DPN) was obtuined
from the Sigma Chenucal Co., 8t Louis, Mo, U.S AL, and the
redueed diphosphopyridine nucleotide (DPNH) was pre.
pared by redoction with alecohol dehydrogenase, as de-
scribed by Slater {19534,

* Present  addvess: Suflield  Experimental  Station,
Ralston, Alberta, Canala.

T Postal address: Jonas Daniél Meyerplein 3, Amster-
dam-C, Netherlands.

RESULTS

Cynnide. Chance & Williams (1956) have shown
that freshly prepared liver mitochondria contain
endogenous substrate, which is rapidly cxhausted
by the addition of phosphate aceeptor or an un-
conpling agent such as DNP in the presence of
oxyuen. One would expeet that under the condi-
tions of the measurement of the ATPase activity in
this paper, the endogenous substrate would be
rapidly exhausted and that all the components of
the respiratory chain would be completely oxidized
for the greater part of the assay. So far as the eyto-
chrome systemn was concerned, this was confirmed
by direet spectroscopic observation. The addition of
1073 KON prevented the oxidation of endogenous
substrate, and maintained the eytochromes (and
presumably also the pyridine nucleotides and
flavoproteins) in the reduced state during the
whole course of the assay. However, Fig, 1.4
shows that this addition had no effect on the
ATPase activity throughout the range of pH
values studied, ’

Similarly, the addition to the Keilin & Hartree
(1947) heurt-muscle preparation of 10-3a-KCN,
¢ither alone or in the presence of 0-01 M-succinate
(added 1o reduce the respiratory chain, since this
preparation is free from endogenons substrate), had
no effect on the ' ATPase activity. It must be con-
cluded therefore that neither eytochrome a,, which
combines with eyanide, nor the other members of
the respivatory chain which undergo oxidation and
reduction under these conditions are likely to be
involved in the hydrolysis of ATP by mitochondrial
prepurationa.
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Inrhibitors of succinic dehydrogenasc. I'he purtici-
pation of succinic dehydrogenase in the hydrolysis
of ATP by the Keilin & Hartree heart-muscle
preparation was excludedd by incubation with
0:020-KCN for 3hr. at 387 and piL 7-4. Under
these eonditions, sucecinic dehydrogenase iz com-
pletely inactivated (Tsou, 1951).  XNevertheless,
there was no effect on the rate of hydrolysis of ATP
at any pH value between and 10, Fuether evidence
that the suceinic dehydrogenase is not involved in
this reaction was afforded by lack of effect of G-01 31+
malonate on the A'T'Pase activities of preparations
of liver mitochondria.
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Fig. 1, Effect of various inhibitors on the hydrolysis of
ATP by liver mitochondrin. Data are presented for the
NPase activities of normal mitochondrin in the presence
f 10-90-DNP (O) sind of aged and frozen nitachundria
(Myers & Slater, 1957a) (@); a significant stimulation of
the A'TT hydrolysis by normal mitochondrin in the
presence of 10-4a-DNP iy produced only hetween pll 6
and 8- (sce Myers & Slater, 1957a). The following in-
hibitars were used: (A) 10 23-KON: () 10 3m-NaN,;
17) 0-0l ar-guanidine hydrachloride; (1) 10 4y p-chioro-
mercaribenzoate; (K) 006s-KI1% (F) bovine plasma
atbumin in concentrations of 5, 3-3 and 10 mg./mb {rom
top to bottom. The reaction misture with the normal
mitochondria was: KCL (0:075M); sucrose (0-09531); tris
buffer (0-05a); MgCly, (0-001): ethylenediaminetetra-
acetic acid (6 x J0-4a); ATP (0-002Mm). With aged mito-
thondria  the  ethylenedimninetetra-acetic  acid  was
omitted.

|...

<

ATP-ASE OF LIVER MITOCHONDRIA. 2 573

Antimycin and 2:3-dimercaptopropanol. Both of

these compounds can interrupt the respiratory
chain at some point between cytochrome b and
cytochrome ¢ (Slater, 1949; Potter & Reif, 1952).
A concentration of antimycin sufficient to stop
respiration (10 4 xm) had no significant effect on the
hydrolysis of ATP by normal mitochondria in the
presence of DNP or by aged and frozen mito-
chondria between pH 5 and 10, Hipgher concentra-
tions of antimyein stimulated the hydrolysis of
ATE by normal mitochondria in the absence of
DND. Incubation of the Keilin & Hartree heart-
musele  preparation with  0-013-2:3-dimercapto-
propanol for 30 min. at 37, a procedure sufficient to
inactivate the respiratory chain completely (Slater,
19.49), caused only a slight inactivation of the ATP-
nie at all pH values.
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Fig, 2. Hydrolysis of ATP by liver mitochowdria after
extraction of the extochrome e as deseribed Iy Schneider
e al. (IHR) Data wre given for the extracted mito-
chondria in the absenee of DNP () in the presenve of
10 35 DND(O) and in the preseice of HEGHND
10-8cevtochrome ¢ (@), The swme mitochondeia were
wlso assayed in the absence (AY amld the presence (a3 of
10-43-cxvtocheome ¢ atter the mitochondrial prepasation
had been aged and frozen. Uhe reaction mistares were the
same as in Fig. 1.
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Addidiop e somical of catocheonte ¢ he hvdro-
fvsis of VTP by nuotechondrein in the presence or
absence GF DN was =carcely afteeted Ly the addi-
tron a7 10 "y evtochrome coeven after the mito-
chondria wore and
stihccuentdy twice with 15 - NaChac 07 inorder

washed twice with watee at 0

to extract the exvtochrome ¢ hineider, Claude &
Hocelb oo, 1048 Althonzh the
hyvpotonie conditions actneated the latent A''Pase

expesure 1o

wtiviny to a considerable extent. the addition of
PN =0l srinadated the NPPase activity (1990, 2).
After this nutovhondrial preparation was aged and
frozen (Myers & Shater, 19537 0), the pHoactivity
curve of the fuliy activated AT Pazes appeared to be
the sarne as obtamed with o similar preparadion
from noroal ynitochondria fefl Fig, 2 with 99, 8 of
the previcus paper (Myers & Slater, 1957 a)]. The
cirve was not affeeted by the addition of 10-1a1-
eviochronie o cither alone or in the presence of
dithionite (Na R0} in order to reduce the eyto-
chirome e, The offeet of dithionite itself on the ATDP-
ase aetivity will be deseribod below,

Lewmval aied  ddition of  dipkosplopyridine
nueliotide and  reduced dplosphopyridne wucleo-
tide. Both azed Liver mitochondria and the Keilin &
Hartree boart-namsele prepuration, which contain
little BPNL exhibic a high ATPase activity, which
was not aifeeted by the addivion of 16 43 DPN or
DPNH. The same conventrition of DPNH also
had no effet en the AT Pase activity of fresh liver
mitochondria in the presence of DNDP, between
pH 55 and 85,

w-Tucopherol and vitamin K, There ave some
indications that these two vitamins may wlso he
involved in oxidative phosphorylation, either as
members of the respiratory chain or as essential
colactors (Martius, 1956 Nason & Lelunann, 1936
Bouman & Slater. 1956). The Ketlin & Hartree
heart-musele preparation containg an apjreciable
amount of toeopherol, hut no vitamin K (Bouman &
Slater, 19568). The ATPase activities of the Kethin &
Hartree heart-musele proparation were not afieceted
by the addition of 0-07 g, of pL-x-tucopheral or
0-02 mg. of vitamin KX ,/ml. of recaction mixture; the
stable stock suspensions used in these experilents
were prepared in suerose solutions contaiming 10 %,
of ethanol and 0-5 ¢, of plasina albumin (¢f. Nason &
Lehmann, 1956). The same amount of tocoplierol
also had no effeet on the ANTPase acuvities of
normal liver mitochondria in the presence of DNP,

Azide. One of the most potent inhibitors of the
ATPase activities of mitochondrial preparations is
sodium azide Meyerhof & Ohbneyer, 19525 Novi-
koff, Heeht, Podler & Ryan, 1952; Sackior, 1953,
Robertson & Boyer, 1953: Maruyuma, 1954, 1956).
However, its action is rather complicated ginee it
also uncouples oxidative phosphoryviation (Loomis
& Lipmann, 1949) and can stimulate as well as

1957
inhibit the AT Pase activity of normal Hyver mito.
chondrin (Rohertson & Boyer, 19555 Swanson,
1936}, Ourexperimentsshowed that the stimulation
of the ATPase activity by azide in thiee absence of
DNV preecdes the slower inhibitory reaction; the.
major portion of the ATP hydrolysis oceurred
within the first 5 min. after adding the normal Jiveg
mitochondria 1o o reaction mixture containin.
Hy *a-NaN,. The slow rate of the inhibatory e
tion conld alio be demnonstrated by experiments o,
which the mitochondria were incubated with wzil,.
before the ATP was added (IFig. 3); the stimulati
by the azide beeameo much less after pre-incubutiog
for 10 min. and disappearcd completely when v
mitochondria were pre-incubated for 20 min. 1.
stimulation of the latent AT Pase activity of novir ||
mitochondria by 10-*m-NaXN; was maximal o,
about pl 6 (Fig. 4); this result is similar to (b,
observed with low concentrations of DN (Myers
Slater, 1957 a).

The same concentration of azide produced .
strong mhibition of the ATPase, activated by the
addition of DN to normal mitochondria or b,
ageing and freezing the mitochondrial suspension«
(Fig. 1), A similar inhibition was observed with
heart sarcosomes and with the Keilin & Hartre.
heart-musele preparation.

Caledon. Low eoncendrations of Ca* ions cause
a reversible uneoupling of oxidative phosphoryl.
ation, and higher coneentrations result in a number
of irreversible effects (Potier, Siekevitz & Sitwonson,
1953 Chance & Williams, 1956). As would he

I 8 I (©)

pumoles of P'mg. of protein hr.

p (NaN3)

Fig. 3. Effeet of sodiun azide on the hydrolysis of ATP
by normalliver mitochondria. The initial reaction mixture
contained 0-075M-KCl, 0-108 m-sucrose, 0-001»-cthyl-
enediuninetetraacetic  acid, 0-003M-MgCl,, pH 7-4.
p (NaN,) indicates the negative logarithm of the molar
concentration of NaN; added. The mitochondria were
pre-incubated in these reaction mixtures with or without
azide for (4) 0, (B) 10 and (C) 20 min. before adding &
small volume of AT Psolution (finalconen. : 0-002M-ATP).
The control activities in the absence of azide are indicated
by the horizoutal broken lines.
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expected, low concentrations of Ca®* ions (10-"M)
also stimulated the latent ATPase activity of
normal mitochondria (cf. Lardy & Wellman, 1953,
Potter et al. 1953), which was maximal at about
pll 6:5 {Fig. 4). The saine concentration mhbibited
the ATDPase activity of normal mitochondria at
high pH values, and a similay inhibition above pH 9
was also observed with mitochondria, fully acti-
vated by ageing followed by freezing and thawing,
This inhibition at high pH. which was also obtained
with Mg?®* ions (Myers & Slater, 1057 4), is probably
due to combination with the ATP (Martell &
Schwarzenbach, 19456).

p-Chloromercuribenzonte. 'Fhis compound is a
potent. inhibitor of the mitochondrial A'TPas: at
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bic 4, Stimulation of the ATPase activitivs of normal liver
mitochondria by various compounds.” ‘The  reaction
mixture contained (-075M- KO 0-04asucrose, 0-05 -
tris. huffer, 0:002M-ATI, 0001 M-MaCl, and (-00606 M-
cthylenedinminetetra-acetic acid, ‘The AT Pase activities
were measured in the presence of 10 3aCally, (),
10 33.NaN; (@) and 10 fv- pchlororuercuribenzoate
i), the enzymic reaction being alowed to proceed Tor
15 min. in the first case and for 5 min. in the second and
third cases. The eontrol activities in the absence of these
compounds were similar in these experiments and the
average values obtained ure shown above (O).
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pH 74 (Novikoff et al. 1032; Sacktor, 1953; Lardy
& Wellman, 1953; Hunter, 1936) buat, like azide, can
also activate the latent A'T'Pase activity of normal
mitnchondria (Hunter, 1938). However, the activa-
tion vceurred at all pH values from 5:3 to 9 (Fig. 4}
and was not restricted to the lower pH values ag was
found with tow concentrations of DNP, azide and
Ca? jons. Alterations in the translucency of the
normal mitochondrial suspensions were also oh-
served (of. Hunter, Davis & Corlat, 1956). The
stimulation of the latent A'I'Pase activity by p-
chloromercuribenzoate may therefore be due to a
general danmge of the mitochondrial structure
rather than to a specific uncoupling action.

The degree of inhibition of the activated A'TPase
by p-chloromercuribenzoate was highly dependent
on the Mg jons and salt concentrations in the
reaction medinm and on the state of the mito-
chondrin (Lardy & Wellinan, 1953). The A'l'Pase of
normal mitochondria in the presence of DNP was
strongly inhibited by 10 tym-p-chloromercuribenz -
cate between pi 6 and 8, but a stimulation was
ohsorved in the region of pH 9 (Fig. 119), where
DXNP Lus little effeet on the Jatent ATPase activity
but where the p-chloronercaribenzoate itself also
stimulated in the absence of DNT (ef. Fig. 4). The
same  concentration  of  pechloromereuribenzoate
had little effect on the hyvdrolysis of ATP by nito-
chondrin activated by ageing followed by freezing
and thawing (Fig. 1), A higher concentration
(10-*31) also had little effeet. "This might sugrest
that the hydrolysis of AT by normal mitochondria
in the presence of DNT follows a different pathway
from the Lvdrolysis by aged and frozen mitochon-
dria; however, the lack of inhibition by p-chloro-
mercuribenzoate in the latter ease could be due to
the liberation of sulphydreyl groups during the
process of ageing, and a consequent protection of
the ATPases against the inhibitory action. The
ATTPase activities of the Keilin & Harvtree heart-
muscle preparation were inhibited 40609, by
10-3ar-p-chloromercanribenzoate.

Fluoride. This compound is a strong inhibitor of
the pyrophosphatage awl adeny lonase (Barkulis &
Lehninger, 1951 SNwanson, 1952 Sacktar, 1933
Siekevitz & Potter, 1953, but has less effect o the
AT Page activity of tiver mittochondria at pH T
(Kielley & Kicllexo 19510 Novikolt of ol 1952
Saektor, 1953 Lardy & Welloan, 19533 Potrer of il
1953). However, the hydrolyvsis of AT by norviad
mitochondrin i the presence off DXE conld be
inhibited By high concentrations of WE (0 o6)

between pll 6 and 80 as with pechloromeraai-
henzoonte, an activation was abeeeved a hiches pH
values (Fig HEY On che ocher hand, o-ot s K had
Hitle effect onc the hydeolvsis ¢ AUE Dy azed amd
frozen mitochowdria (Fig. 1E), aced itochondeia
or the Kedlin & Hartree hewrt-nnsele preparation

)
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We did nor observe cither an ticoupling of oxid-
ative phiesphcevlation (¢f. Middichrook & Szent-
Grorgy . 135 orastinadation of the laent AT Pase
activiey of normal mitochondreia by high concentra-
tons of KB oand K. On the other hand, high
concentrations ot KE did exert some ameoupling
action (ef, Kicley & Kiclley, 1951) and also stinni-
Fied the datent VT Pase activity of normal mito-
chondviae in the abzence of BNDPD However, an
appreciable stimulotion was abserved only in the
absence of Mu®s dons, possibly beeause the mito-
chondrein are then mdre Pragile. The conventration of
fluorids (abonir D0 n) used by Copenbaver & Lardy
{(1952) and ozt other mvestigators in experiments
on oxvlative phosphorylation. had no significant
effeet on the Ltent ATPase activity of normal
mitoehondria in the presence of 0-0013-MgeCl, and
G-oudiar-ethy levediminetetra-aceotic acid,

fererssicdive, Hollunger (1953) has shown that
guanidine inkibits the hyvdrolysis of AT by aged
mitochondria ae pH 74 but has little effect an the
hydrolysis by normal mitochondria in the presence
of DN P, These abservations were confirmed over the
whole pH renge in the present investigation, with
OG-0l y-puanidine (Fiyz 10). These resalts might also
mdicate different pathways for the AT Pasc activities
in nornwl and aged prepavations. However, the
ATPase activity of normal mitochondria in the
presence of DNTP can Le inhibited by higher concen-
trations of guanidine.

Albuinin, The effect of plasma albumin was of
particular interest hecause it is reported to combine
with nutochrome, a hacmoprotein which is liber-
ated from aged mitochondria, and it uncouples
oxidative phosphorvlation and  stimulates  the
latent AT Pase activities of normal mitochondria in
the same way as DNP; both effeets are prevented
by the addition of serum albumin (Shmukler &
Polis, 1953; Polis & Shmnkler. 1954).

" No evidence eonld be obtained to suggest that
mitochrome played a role in the activity of the
ATPase of our aged and frozen suspensions of liver
mitochondria. Bovine plasma albumin (fraction V
from Armour Lahoratories) in concentrations up to
10 mg.iml. (see Fig, 1) and ovalbumin (np to
50 myz./mb) had no effeet. Mitochondrial fragments
obtained in such a way as 10 extract soluble pro-
teins, by the procedure of sShmukler & Polis (1053),
still possessed a high ATPase activity, which was
not inercased by adding the “soluble” fraction (sve
Table 1), The high activity of the Keilin & Hartree
preparation and of the mitochondrial fragments of
Kielloy & Kielley (1953) also speak against an
easily soluble enzyme being concerned in these
activitices, since soluble enzymes are removed from
thege preparations.

Albumin-had no effect on the stimulation of the
ATPase by azide, but markedly decreased the
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activity inthe presencoof DN (Fig. 1.0). However,
the significance of this apparent inhibition is .
cortain sinee the inhibition was maximum
pH 94, where DNP no longer stimulates. Allbumiy,
does not prevent the uncoupling action of DN
(Slater & Lewis, 1954),

Dithiondie. Dithionite causced a marked activa.
tion of the ATPase activity of aged and ooy
mifochondrin botween pH 6 and 9 (Fig. a). T1.
degree’ of  stimulution by 10 NS0, was
maxinum at pH 75, and negligible above 9; it wii.
notinercased when the concentration of dithionis .
was inercused to 1072 The activation by 10 3.
Nuy=3,0, wasnot affeeted by the addition of catalas.,
indicating that it was not caused by H,0, produce.
by the anto-oxidation of Na,S,0,. There was 1-.
stimulation of the ATPase actiy ity of normal miiq,.
choudria in the presence of 10-45-DNP; however,
this experiment is not conclusive since the Na,8,6,
altered the colour of the DNP from yellow ¢
arange,

Other reducing agents did not give the samc
cffect as Na,S,0,. Thus 104 M-K Fe(CN)y brought
aboutouly aslight activation, and 192 M-glutathione
(ef. Novikoff ¢f al. 1952) and 10-3y-ascorbic acid
were slightly inhibitory (Iig. 5). An oxidizing
agent, 10783 KFe(CN g, also had no effect on the
ATPase activities of aged and frozen mitochondria,

‘Table 1. Ewzymic hydrolysis of adenosine triphos-
phate by the soluble and insoluble Sfractions of aged
liver mitochondria

Norraal liver mitochondeia were suspended in 0-15y.
KCl - 0-023-NaHCO, and aged by incubation for 80 min.
at 307, The “soluble’ fraction was recovered by centrifuging
oft the mitochondria at 27 000 g. The insoluble mito-
chondrial matcrial was washed with the salt solution,
resuspended and incubated for a further 80 min. at 8G° to
complete the extraction of soluble proteins. The mixture
was again centrifuged at 27 000 g, and the sediment washed
and resuspended. This constituted the msoluble fraction,
The reastion mixture for the A'lPase assay contained
0075 v-KCL 0-03 M-sucrose, 0-03 M-tris buffer, 0-0023.ATP
and O-onlx-MgCl,.

ATPase activity
(pmoles of Pimg. of
proteinshr.)

ATPase activity
of the soluble and
insoluble fractions

combined (calc. as ©f

I T T
Insoluble  “Soluble’  of the sum of their
pH fraction fruction separate activities)
5 107 29 94
ti-0 26 93
69 26 95
7 28 92
75 3-0 90
R0 37 86
85 41 81
90 37 83
9-5 27 95
10-0 17 96
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Fir, 5. Effeet of reducing agents on the ATTase activities
of aged and frozen liver mitachondria, The reaction
mixture is the same as that given in Tahle 1. ATPase
activitics were measured in the absence of farther
addition (O) and in the presence of 10-*arsodim
dithionite (@), 10-3a-glutathione (..} and  10-%y.
aseorbic acid (4 ).

DISCUNSION

e coupling of phosphorylation with the transfor
i hydrogen (or electrons) through the respiratory
vhain has been formulated in its shmplest terms by
the reaetions (1) and (2):

AH,+B4+CA~C+BH, H
A~CHADP+ PO A+ C+ AT W]

Where AH, and B oare adjacent members ot the
respiratory chain, whose interaction is coupled with
Phosphorylation, and C is an intermediate tinking

the oxidation-reduetion with the phosphorylation
teaction (Slater, 1933a). Tt was postulated that
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T 1 T T DXNP was in soma way able to bring about the
hydrolysis of A ~ C {reaction (3)]:
{(HNP)
- - A~C+HL0——s A+C. (3)
The hydrolysis of ATI' stimulated by DNP is
brought about by the reverse of reaction (2),
followed hy reaction (3.
= - According to this formulation, a member of the

respiratory chain (Al ag well as a component {(C),
which does not unidergo exidation—reduction, is
directly involved in the hyvdrolysis off ATP. ‘There-
fore combination of A with an inhibitor or its re-
duction to AH, would be expected to inhibit the
ATPaze activity. In this paper it has been shown
that the addition of inhibitors of the respiratory
chain  {cyanule, antirnyvein, malonate)., or the
removal o dnactivation of certain components
(DPXN. extochirome e, the 2:3-dimereaptopropanol-
labile facior), or the reduetion of all components of
the respiratory chain by the addition of eyanide and
substrate, did not cause any inhibition of the ATP-
ase activity. Thus the minimam hyvpothesis repre-
sented by equanions (e {2) and (3) 38 no fonger
adequate. and must bemedified to take A out of the
"ATPase” reaction. The simplest extension of the
theory is to mtroduce an additional step. with an
additional component, between reactions (1) and
(2). Chance & Willams (103t bave also given
kinetic reaxons for imrodueing an additional com-
ponent (X between reactions (1yand (2). They have
also pointed out that Cin the above scheme has the
properties of an inhibitor, since A~C 8 an in-
hibited form of A which cannot be reduced in the
respiratory chain to A, Forthiz veason, Chanee &
Williazns have replaced C by T iinhibitor!. Sinee it
g clearly desirable to avoid a amultipliciey of
symbolzs we shall adopt the symbols Xoand 1 oof
Chance X Williams., We shall not. however, veplhiee
AH, and B by speettie momberes of the respiratory
chain, becauss we donot think that these huv e boen
detinitely identiticd. The moditied hypethesis then
becomes;

AH, = B+TeA~ - BH, (e

A~T-N N~ 1+A 2

N~l< ADP«1LPO, . N -1 AT
(DN

N~T4ILO - s X 4

The hydrolysis of ATY 0= pow eaplained by the

reverse of reaction (3D, tollowed by renction (43, The

hntter reaction might involve DXP T as an inter-
mediate (Chance & Williams, 1936,

It is probable that theee are three oxidation-
reduction steps in the respuators chain which are
coupled with phospharylation, T seems thely thar
vach of the oxidation: reduction pairs (AH, and 19

Poch, 1957, o7

Ty,
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mvahved would veqguire adifterent mediator 1 Thas
there thaee diferent which
could bring about the hydrolyvsis of A'TP in the
presence of DNT by the veversal of veaction (3),
foibowed by reaction (43 1 is possible that the
thiee difforent DN Pasensitive
suovested in the provions paper Myers & Slater,
1057 a) arve veactions involving the three different
intubitors. In the absenee of evidenee 1o the
contrary, it is simplest to assume that Nois the sume
in all cases and could, in fact, represent a general
CHZVIE O COoenzZyYINe of pespiratory-ehafn phos-

worddd be inhibitors

enzyme  Syvstems

phorvliation.

Assumites that the three peaks obtained under
diltrerent with DN represent  three
difteront enzymes, all three are shibited by azide,
which sugpest= that they possess & common com-
ponent which could ha Xo A sensitivity 1o azide
naturally vaises the possibiliny that a haenmatin
compound s involved, although apainst this it
should be noted tha was g slow
reaction in contrast with the rapid reaction nsually
oceurring  between  haemnatin and
azide. his possible that N is mitochrome (Polis &
Shrnukler, 1454), Lut all attempts to demonstrate
its action in our preparations fuiled. However, we

conditions

the inhibition

compounds

must awast further details of the preparation and
properties of mitachrame hefore we ean settle this
point.,

The ATPase activity at pH 94 isalso inhibited by
azide, although it is not stimulated by NI One
possibility is that thisenzyme involves X, but not L
It would he expected that reaction (3) of the new
schemne wonld occur in two steps, c.g.:

NX~T+HPO "X~ P+1] (3a)

X~P+ADP N - AT (3b)
Somereaction of this type appears to be necessary to
explain the rapid exchange hetween the oxygen
atoms of inorganic phosphate and water catalysed
by liver mitochondria (Cohn, 1953 Cohn & Drysdale,
1955; Boycr, Faleone & Harrison, 1954 Roberison
& Boyer, 1955; Luchsinger, Faleone & Reyiard,
1955). The hydrolysis of ATP and the lack of any
effcet of DNP would be explamed if, at pH 94,
X ~ P reacts with water nuch moaore rapidly than
with any of the inhibitors. .

The mechanisi of the stiinulation of the latent
ATPase activity by ageing and freezing the mito-
chondria g not clear, but the pH-activity curves
suggest that the same cnzymes {and thercfore the
same inhibitors) are involved, Tt seems likely then
that hydrolysis of N~ 1 also occurs with these
preparations.

SUMMARY

1. The addition to hver mitochondria of in-
hibitors of the respiratory chain {cyanide, anti-

D, K. MYERK AND E. C. SLATER
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myein, matanade}, or the removal or inactivation of
certain eomponents (diphosphopyridine nucleotide,
evtochrome e, the 2:3-dimereaptopropanot-labile
fucior), or the reduction of all components of the
vegpiratory chain by the addition of cyanide and
substrate, did not canse any inhihition of the adeno-
sine triphosphatage aetivity. It appears very un-
likely then that a member of the respiratory chain is
direetly involved in the hydrolysis of adenosine
triphosphate (ATP).

2. When azide was added to liver mitochondria,
the rate of hydrolyvsis of ATE was first stimulated
(particularly at pH 6) and then inhibited. In the
presence of dinitrophenol, the hydrolysis of ATP
was inhibited over the whole pH range studied
(5-5-10).

3. Caleiwn stimulated at acid pH values (maxi-
mum al pH 6-5) and inhibited at higher pH values.

4. “4,'})ln.nmm(‘rr-uril_)unzoi\ta activated the ATP.
ase at all pH values between 55 and 4, probably
hecause of u general damage of the mitochondrial
structure.  In the presence of dinitrophenol the
mercurinl inbibited between pl 6 and 8 but stimu-
lated a pH G,

5. Fluoride has little effeet on the ATPase
activity of agped and frozen mitoehondrin, but in the
presence of dinitropheno!l inhibited the activity of
norma! mitochondria between pH 6 and 8, and
stimulated av pH 9. .

6. Guanidine, on the other hand, inhibited the
sustens in asred and frozen mitochondria more than
those in normal mitochondria activated by dinitro-
phenol,

7. Albumin had no effect on the ATPase activity
of aged and frozen mitochondria, or on mitochondria
activated by azide, but markedly inhibited the
activity in the presence of dinitrophenol, especially
at alkaline pH values.

8. Dithionite strongly activated the ATDase of
aged and frozen mitochondria, with a maximum at
ptl 7-5.

We wish to thank Mrs M. Jong-Tuynman for her skilled
assistance in these experiments,
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EFFECT OF SOME RADIOPROTECTORS ON THE MUTATION RATE OF THE
' UNSTABLE STRAIN OF BACTERIUM PRODIGIQSUM

A. A. Prozorov

Irradiation and chemical mutagenic factors are known to produce
largely similar genetic effects. Besides acting directly on unique
cell structures, irradiation forms compounds that possess mutagenic

investigators '

activity. Some“assume that natural, “spontanspus" mutagenesis is
also caused by the radiémimetic properties of certain metabolites
(Wagner and Mitchell, 1958). Radioprotective substances have
been shown to prevent hbreditaryiohanges among other consequences of
irradiation (Riley, 1955, 1957). There is no information on mutations
whose appearance is not stimulated artifiocially. We therefore thought
it worthwhile to study the effect of some radioprotective substances ‘
oh natural mutagenesis.

In most organisms, it is difficult to reduce the rate of mutagenesis;
the rate of spontaneous mutation is already lowsexcept in the fairly
rare cases of #e so-called unstable ha:edity when the frequency of
mutation of any character increases greatly (Ryzhkov, 1939). This
category apparently includes el bocterial dissociation, particularly

the dissociation of pigment formation in Bacterium prodigiosum (Labrum

and Bunting, 1953; Kaplan, 1948, 1952, 1953).
We used this microorganism as a model to study the effect of
radioprotective agents on natural mutation.
Procedure

We obtained a stock strain (Bl) of Bacterium prodigiosum from

the Microbiology Department of the First Moscow Medical Institute.
Grown on agar with 1% glucose, the strain produced colonies consisting

of lighter and darker sectors (Figs. 1 and 2). In cultures taken with
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a needle from any séctor, two types of colonies inevitably grew:

dark ones with one>or two narrow light sectors and light ones with several
wide dark sectors. The quantitative correlation between both types of
colony transferred from the light and dark sectors was fairly constant

when grown under the same conditions.

% gy £6%

/ .
% CEomiag KOAGHUR

Fig. 1. Results of gulturing different portions of the light and dark

colonies of the unstable Bl strain of Bacterium prodigiosum

1 - Light colonies
2 - Dark colonies
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Fig. 2. Light and dark colonies of the unstable B, strain of Bacterium

prodigiosum

Because the colonies were invariably heterogeneous in composition

and this heterogeneity persisted after many passages (we passaged

the Bl strain for 2 years), it was reasonable to conclude‘that the

formation of sectoral colonies was not a mechanical artifact (the

combined growth of "adhering" "dark" and "light" cells) or a splitting

in the offspring of a hybrid cell. The frequency with which "dark"

cells appeared in a "light" population was much higher than the frequency

of the reverse changes. Hence the greater width of the dark sectors

and their greater number compgred with the light sectors in the dark coloriies.
We tried to alter the rate of mutation of wimm "light" ocells into

*dark" ones, using the method of counting sectors of different areas

proposed by Kaplan (1952) and Witkin (1951) to assess the results.

We assuméd that a mutation took place in-the 2-cell stage in a colony

consisting of 2"halves", aight and dark,6and in the L-cell stage in

a colony having avdark sector occﬁpying approximately one~fourth the area, etc.

Thus, by counting the number of sectors of each kind occurring on the average

in a light colony we could compute the frequency of changes per generation in a
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cell by dividing the result by the apparent number of cells corresponding
to the formation of sectors of a givén diameter in a colony. Even if
the number found is different from the true frequency of mutation, it
still can serve as a oriterion wheh studying the effect of various substances
on the rate of mutagenesis.
To study the effect of radioprotective substances on the mutation

rate of Bacterium prodigiosum, we added them to melted agar and later

counted the sectors in the grown colonies§€£§%§:'of the substances
were toxic, we determined experimentally the minimum toxic concentration
(undef the given conditions) and then used subtoxic dilutions. The
presence of antimutagénic action was checked in sodium hydrosulfite, cysteine,
unithiol (a Soviet preparation similar in composition to the imported
2,3-dimercaptopropanol, the preparation BAL), and thioﬁrea. We also
tested the "known'" mutagen potassium permanganate.

We used a binocular lens to count the mutation rate per generation.
We took into account sectors occupying 1/2, 1/4, 1/8, gnd in some experiments
1/16 of the area of the colonies. Sectors were counezgsgﬁ%%g%:niea at least
3 to 5 pm in diameter. The result of counting sectors in 25 to 30 colonies
growing on a single dish was adopted as the statistical unit.

The data obtained in less than 30 experiments were treated in accordance
with the formulas fdr small samples. The significance of the differences
was judged with a probability factor of 0.95.

Results

Computation of the mutation rate by the described method yielded the
values found in the "control" column in the table below. The frequencies
of mutagenesis per generation ceunted for each class of sectors coincided

fairly closely (except the sectors occupying half the area of a colony).



NN N

40
5w
The reason why several large figures were obtained in the last case
may have been that the "half" colonies also included colonies grown
not from one but two cells, "light" and "dark", adhering together.

at the time of inoculation.

/ s VERACTOTS MY FUDURAIGISE 33t ] CUBCpiio
Patasegy s A
c:'h':‘o;.-u 2 rn/umcﬁwl'u'r TRUMOHE LI e |:.‘J§I:!l:ﬂ!.’:f
Kt bpMidi s st (1LU5%%) 0,020%) vass (L9055
12 - 10,0-4-1,6 0,810,350 7,044,218 . 15,2 1,8
o=3,2 a=:1,1 G-:4,4 220
=20 =30 n--27 [T}
V4 7,6-1:0,8 0,7.10,23 3,9:-0,57 9,51-1,1
g=1,0 c==0,7 a=1,4 a4,
n=20 n=23 ‘=21 n==3)
t/S G,7-1-0,8 0,7-4:0,13 4,040,507 8,4-1-0.8
(l‘-tl,’l‘ 0:::.:”’115 C".:l./g R q~.:2’1
02\ 1= 350 5 ~=UY [T 1
116 | 6,7::0,00 o - —_
o=0,1 -
=20

Effect of Sodium Hydrosulfite, Thiourea, and Potassium Permanganate

of the Mutation Rate of the Bl Strain of Bacterium prodigiosum

- Size of sector

- Rate of mutation per generation
- control

- sodium hydrosulfite (0.05%)

- thiourea (0.025%)

- potassium permanganate (0.005%)
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The effects of the radioprotective agents on the mutation rate are
shown in the same table. Sodium hydrosulfite and thiourea slowed natural
mutagenesis, the former more than 10-fold. The light colonies growing on

- agar with sodium hydrosulfite had only very narrow dark sectors whioch

appeared to be continuous (Fig. 3).

I v T T T —
et : e - B

T .. - . A =, i
. ," . " - :

Fig. 3. Light and dark colonies of the unstable Bl strain of Bacterium

prodigiosum on sugar agar with 0.05% sodium hydrosulfite

g‘s;}ﬁ%s::’atistically gignificant differenceé were found between the
mutation rate in the control and in the presence of unithiol (0.5%) or
cysteine (0.01%), these data were not included in the table. Potassium per-
manganate accelerated mutagenesis.
The results of the experiments can Be formally explained both by
a glowing or acceleration of mutagenesis and by partial selection of
"light" or dark" cells. However, if there had been partial inhibition of

growth or some dieing off of a certain kind of cell ("dark"), there would have
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been much fewer mmiswiimms dark than light colonies on the agar with sodium
hydrosulfite. However, the number of all the colonies was the same
" and only the area of the sectors decreased. Consequently, we were
dealing with a true slowing of mutagenesis.
Discussion

The results of our experiments d§ not suggest that there is necessarily
a connection between the radioprotective action of a substance and
the antimutagenic effect. Neverthe}ess, the fact that substances with anti-
nutagenic affect have been found iéritself a matter of interest. Very
little information is available on‘the inhibition of natural mutagenesis
by chemical agents, e.g., the work of Novick and Szillard (1952) who
used adenoeine to slow mutagenesis in E. coli. The presence of antimutagenic
action (against natural mutagenesis) in some radioprotective agents
has pheoretical and possibly practical implications. Lb to now geneticists
concentrated on methods for increasing natural mutation in order to obtain
new useful characters. However, it would-have been preferable in some
instances to slow such mutation (e?ﬁ%%?%??ﬁﬁéiation under industrial conditions).

Conclusions

l. A study was made of the mutation rate in the unstable strain of

Bacterium prodigiosum withom artificial treatment and with treatment by

chemical agents.
2. Certain radioprotectors (sodium hydrosulfite, thiourea)slowed the rate «
natural mutagenesis, whereas unithiol and cysteine did not have this effect.
One of the mutagens (potassium permanganate) accelerated the mutation rate.
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05pa30BaHIIe CEKTOPHLIX KOJOHHIT HEJL3sI CYHTATDH MexalnHdeckiM apredak-
TOM (COBMCCTHBIM POUTOM «CJHNIINXCSI» TCMHOH» H «CBET.10ii» KJICTOK)
I PacUICIICHHCM B NOTOMCTBE THOpIHoil xierku. Biumo, cexropn B
KOJIOH:SIX 00pasoBLIBAMICL 33 CHCT H3MeHUMBOCTH Kiactok. Ilpn sToM ua-
CTOTA TIOSIBJCHHST «TOMULIN® KJIGTOK 1 «CBETJOH» Nodaysasiiuu Ootia suauy
TEALHO BLIE, ¥CM  vacToTa oGpartHuiX m3Mcienuil. Otclofa — GOabuas
WIPHHA TCMHBIX CCKTOPOB H HX 00JBHICE KOJHUECTBO 110 CPABHCHHIO €6
CBUTIBLINH CCKTOPAMIL B3 TCMUBIX KOJONISX,

Mut cTapasanch H3MCINTL CKOPOCTL MYTIPOBAHSE «CBETJLX» KJACTOK B ¢TCMHMCR, Jlan
ROBMOCTECRIOND yueTa Gl NCN0AL3OBAN MCTO HOACHCTA CCKTOROK DAL HACIaLN,
npeasoxennnii Kanranon (1952) u [0rkun (Witkin, 1951). Ilpeanonaranocs, 4To B K0ao.
Hill, COCTONIUET M3 JABYX UOJOBHIVKY — TCMIQH M CBETIAOH,— My Tl NMPOHIGULIA HA Cla-
AU ABYX KACTOK, B KOAOHMH, HMCOWER TeMUBI CCKTOP, 3aiuMalounil  1puGiisnTeitg
QeTBEPTYIO HACTh €0 IVICHLLAUN —— HA CTAMI YCTHPCX KACTOXK T, 1. Tarum oOpasom, wol
CUITAB WOAHHCCTBO CERTOPON RANUIONO PO;LA, NPHXOLIMMXCS B CPCARCM HA OAHY CBCTAYIO Ki-
SIOHRI0, MONHO BRIUICAHTL HACTOTY H3MCHCHINE OAHON KJCTKH i IONCPULIO, pasacius taf
ACHHYIO BOAMEHHY HA NPCUIOAATICMOC MHCHQ KICTOK, COOTBETCTHYIONLLE 00pAsOBANKIO B ky-
JOHHI CEKTOPOB AAHHOro pasMepa. Ecan maigennoe wicido i OTIMYEeTes OT HCITHHIBIX 30
NCHHI YACTOTH MYTUPUBIUING ONO NCE AE MOKCT CAYKNTL KPHTCPHEM HPH HIYUCIHH Bty
HitsL PAIHUULIN BOUWCTL Hit CKOPOCTh MYyTarche3a,

,h.rm HAYUCHUST BIANN  PRANOBALHTHLS  ECULCCTB A CKOPOCTL - MYTHPOBaHHs Bacl
prodigiosunt 371 BeweeTss JoOARASIANCL B PACUIABACHHLLT arap, Ha KOTUPOM BHOCACACTHI
HPOHE NG ROACHCT CCKTOPOR Y BMPOCHHIX Kosuiitit. Hacth sentectn 000 TOKCHUCCKHN
CBOGCTBAMH, i HOSTOMY OINBTIHLM BYTCM ONPCACKHLAICH (aIMCHLILAsSKE TOKCINICCKas KOHiey
Ipaa (B AAHHKYX YCTORIAX), W 3RTCM YIOTPeOAIICH CYGTOKCHICTKIE pasieielis, HHan
YHE AHTUMYTATCHHOIO ACHCTRIS NPOBCPIAOCE Y THAPOCYALPITA HATPIS, HUBCTCHND, YT
{oTedecTRENIEI Hpenapat, GANKINT 1O COCTany K IMIOpPTROMY 2,3-JHMCPRANTONPORINOIY |
ppenapary BAST} i ynosonesiun, Kpose 1010, 0L HCHITHE €43BCA0MUI» MY Taret -—iiep
MAUTAHAT Kajis,

TTpi nocuete YacTOTH MYTHPORANNA Ha FCHEPALUNO HAYUCIHIC ROAOHUIT IHOU3BOLHILY,
¢ HOMOLLBIO GUHOKYANPHON Ay, Yuitrblnainieh cektopa, sausmatonge 12, 14, 1/8 4 o e
KOTOPMWX onhTax 1/16 naomamn kogouui, CekTopa NUICHHTHIBINNRCH B KOJOHISX, JCKilly
wIOGHpoBanne W IMenuntx ne Menee 3—b aa B JaMeTpe, 3da CTATHCINUCCKYIO Ciitig
RPUHIMAACH PLANALTAT NOACHETA COKTOPOB Ha 25-—30 KosoisX, PacTyuinx wa oiuait Hane

Januule ¢ KOJHNCCTBOM ounlTon, Menniim 30, o6padarkiga et no QopryitaM JU
ARX BuGOpow. OUenna JOCTOBEPHOCTH pasiuunil nposojiaact ¢ ko uuiciTom Bepostim
cry, pasuny 0,85, .

Pesyannrarst
Brudcacnne cKOpocTit MyTHPOBANUSE ONHCAHILIM CHOCOGOM L0 Besy
UHHBL, DpHBeacuHbie Borabuime B rpade «konrponny. Hactotu MyTtarene

JlefcTaue rHapocyabdiTa HATPHA, THOMOUCHHHL M BEPMANIAHATA KAJHA Ha
qactory myrtuposauns mramma by Bact, prodigiosom

/ © HaC I MY FIROKNLI S5 CH Lo
Paamenp . o o oo
CONRTIPa -7 it OUNVIIR T THOMONE LN LA AR TS P LWk
}

Wikt paid (1,00%, 0.00%) rastits (1,458

172 to,0:4-1,6 0,8 10,35 7,00 1,38 15,24 1,8
6.n 3, a1 PN 1 s D
I 1oL nooSh no 2 no-oB
14 7,6:1 0,8 0,71 028 3,91 0,57
4,0 6=={0,7 a==t,4
n==20 n= 36 n==27
/8 6,7-10,8 0,74-0,13 4,0-1 0,67 8,4 0,8
a7 oo 40 s LA a2,
o 2u ook [ noouh
1/10 — — e
|
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Pure. 2. Cuerauie o vennnie KOAOUIN 1eerafuaniorn mrasMva |)|

Hacl, prodigiosum

Puc. 3. Crevante 10 TeMime  KOAOHUH  HOe T aIanroro mravva Dy

“Bact. prodigiosum na caxapnow arape ¢
. HATPIS
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Heficraue vexoropuy PORLOSIMNTRIY SetijecTa wa CROPOCTE MUTHPOSINLS usy

i el paniino, noscustannne ABE CCKTOPOR KAMION0 KJacCa. JOROMMIO
“Miko coBiaan (KpoMe  CcoRTOPOB,  aamnMalonyx NOJOBHUY  N1oHL 1t
HLlonigY Hoayuenne necxomnko  Goanmny mdpp B nocacuem N AR
“aciieresn, BOSMOAINO, TEM, MTO B MBS KOAOHIMI-€HOTORIITORS a0ono.-
VRO G o koaomin, BUIPOCHIIC NC n3 0o, a 13 vy «eanumny-
PO MOMCHT TOCCHA KACTOK - <CBCTI0 s I QTCMBOTS,

Pesyantanin mosneiicr B PasuiosanuiTiix seects 1a CROPOCTH MY T~
A npIeens Botoll we 1aoq e, Pnapoevandny HATPUSE B rHoveve-
SR RMEIIII CeTeo RO MyrTarenea, IIocodounocti savmernoe el
Sl oastsaa rispoeyvandgier TP, 3AMCIM0 YACTOTY MY PHpOR IS
e ey () Pa, Cueranie Koaoii, PACTYRIHC 13 arape ¢ mcpocvin-
BOM e, nsease o ONCHEL - YARHE TOMINC CORTOPR 1 KA Ineh
S IO LI M {(pue. 3. _

Meaiy exopostnin MYTANCHESA B KOUTPOAC I B UPUCYTETRIN VIUTHOM)
LY W nneTenna (O,00% ) eravserneck AGCTOBCPHLIX PO e O
o Meosy o aamone rabamity ne nosenenn, Hepyamranat katis
VLT MY Lo enes,

l'--‘iy.:u,x:m,l, HOJAVHCINGIC o ACTCTIN0 W I ECICSTR, apopva,-
THOLYT GLL OGBICHMTI 1 TOSLKO SHIMCTTTCIICM LT YCROPOHIeM MY-
SO0 ACTHUHOI COACKIICT €CBOT A WHL STOMUBN>  K.o-
e Diako coan G B o9THY onnitax MPORCXOULTIO  yacTiunoe  top-
ACHIG pocTa I yacTioe OTMHPARHE  ONPCICTICHHIOT0 poita KICTOK
PIMHLIGE) 0 TeaIae Koaonim N AFape c o Tpocy oy
A O AT e L0 MEHBIIE, ear enerane, Mooy ren, senrmma eey
I ORI O MAk ool 1 YMCULIAAACH SN IToN1A 1 coRTopon. Coe-
TEICALIO, MU HMOHE G0 ¢ T HITH I BAMCLICHION MyTareieaa,

O6eyspene pesyantaton

Jammie womix onuon e FOBOPST 00 06534710001 cusan pa-moaa-
MHIOPD. ACRCTREY Benectng ¢ AnTEMyTarcHnua adupertor. Tes me e,
HOCCAMO N0 Ccehe ODIaPYRCUHE  Benoe TR, COLULIOUIN A THMY e
eTRies, te imeno nepeci, Ho ropyosemning cereetaennoro MyTIaUe-
BUNSMBICCRIMIE BONWCCTIAM B HACTOMIIeS BPOMBT HMCIOTOH Odelh fe-
Hotongeaenine tamnmie: paGora Howinea n Crivaapaa (Novick, Szillard,
Mo e MYTUTCUCTA KNICMION HAJ0UKE ©  BoMolbIo ancno-
i Haanune simnaytarenmnoro AciicTsist (o ovnowenne K CoreCTReH-
Y MYt enery) y o nekoropray PAUOIAMNTHNN BOMWCCTR, Kpodye Teope-
PIPCRONG, BOZNMOKIO, 6VACT HMeTH 11 Hparimeckoe siaemie. o ity nop
RIS CHCTIHROR. G HAITPABRACHD 10 CHOCOOKLE VBETIMCHIN o0 Toe TR
FEICHIIOCTIE ¢ HeALI0 HOJYUCHHA HOBLIN DO apieiaxas, O -
O HCEOTOPI ¢y Ianx G Gy HEACCOOGPAZNLIN. 30MC T T TV UIMeN-
Enetn (nanpusep, neconnmuno MHKPOOPTIHUBMOB B IPOHABOACTRONHIY
ALY )

Buisona

EoDicra wayvena waerors MyTHposamit uecralmanioro wrassa Bacl
frodigiosum Ges  Kannx-a160 HERYCCTBCININIX BO3eficrsuil 1 nov . aefier-
THEM OHMAUCCKIN BOICCTN,

2. Hesoropiee partiosanuimnnie BeneeTna (Mepoeyingir TP, Ti0-
AEBIIED ) VMCHLIEI CKOPOSTL  CCTOETROL HOMO MyTarenesa. Minviiear n
SETCRE e oRAsuBa Takoro elictana, Onn s MYTArCHos (P vaurg-
FIEEATIGN) YRCHIGIBAL CKOPOCTL MY THDOBAIIIS.

F-it Mockoueernf MOMTUIMCKINT HHCTHTYY llu.lyl(gmo IS NH. 1959 .
s, Mo M. Ceuenona :
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THE UFFECT OF SOME RADIATION PROTECTING COMPOUNDS ON THE
MUTATION RATE OF THL UNSTABLE STRAIN OF BACTERIUM PRODUGIOSUM

A. A, Prosoroy

LA study was earried out of the mutation rate of the unstable slrain of Bact. pro.
digiosune with po artiticial treatment and uniler the influence of chemicat compoands,

20 Certinn tadiation: proteeting compounds such as sodium hydrosutphite or thioure,
reduce the rate of natural mutagenesis, Uhiithiol and cysteine do not exert such zn effect
Que of the mutagens (polassinm pernmanganate) increased the mulation rate.
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PEFRCT OF DEFHTONTTE ON ENZYMIEACTIVITIES IN VIVO
1Y

Rarvo Ravyio aond s Marn Thaes
cDept of Beoch-ar Ui of Dok, Tarka 2, Dadand )

{with 10 figs))

(I N1l 1070)%

1. Introduction

1t his been =hown that cortain electron donors and acceptors have
an actinvating or inactivating offect on enzyvme activities in vitro
(Jaxrexr!, Tron, Kavasmy and Frypnn?, Nakacawa and Pere-
sanyd, Toxot, Sizewr and Tyrenns) In this laboratory we have
previouslv studied the effect of clectron donors and acceptors on
alcohol dehyvdregenase activity in vivo during the growth evele of
Escherichio coli (Ravxto and Lnavss). We have noticed that alcohol
dehyvdrogenase wos activated by celectren donors and inactivated
by clectron acceptors during the growth eyele. A correlation was
alzo found between the K value, which eapresses how much energy
will be needed to remove an clectron from a molecule, and the acti-
vity of this enzyme. '

The purpose of the present study was to lind out whether electron
donors activate other enzyvmes in vivo daring the growth of E.colt,
too. For this puwrpose we have tested isocitrate dehvdrogenase
(EC 1.1.1.42), leucine aminotransferase (1K€ 2.6.1.1.), NADIH oxidase
(IEC 1.6.99.3) and alanine aminopeptidase.

2. Materials and Methods

The organism, its culture, and the preparation of the enzyme
extract have been described in our previous paper (Ravxio and
Licivsé). The methods for assayvs of isocitrate dehvdrogenase
(OcKHOAT), lencine aminotransferase (RavNi108), and alanine amino-
peptidase (GoLppake and Rurexsrre?), and determination of
protein (HEINONEN') are to be found in the references cited. In the
NADH oxidase assayv the saniple cuvettes contained 0.5 pmol of
NADH in 1.0 ml of 0.1 M potassium phosphate bufier of pH = 7.0,
and 0.05 ml of enzyvme preparation. The blank cuvettes did not
contain NADH.

* Accepted for Publication: 21— - 1971
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EFFECT OF DITHIONITE ON ENZYMES 361

3. Results

3.1, Isocitrate dehydrogenase

The specific activity of isocitrate debvdrogenase increased sharply
in the acceleration phase of growth of Eeoli. In normal growth the
specific activity was highest at the beginning of the logarithmic
hase and decreased at the end of the logarithmic phase. After
addition of sodium dithionite to a concentration of 5 mM NapS:04
to the growth medium when the specific activity was highest, the
activity was maintained at a high level Even 18h after addition of
dithionite, there was no significant decrease in the specific activity

(Fig. 1).

100

50

Growth: Klett readings

Specitic Activity:AAg,gx min“x mg" of protein

| L f\ J_
6 10 21
Growth time:h

Fig. 1. Effcct of Nag5:04 on jsocitrate dehvdrogenase in vivo during the
growth cycle of Jicoli.
Addition of dithionite to a concentration of 5 ma to the growth medium
was made at the time indicated by the arrow.
Solid symbuls = growth curves, open symbols =~ speeific activity of
isncitrate dehydrogenase.
1 = no addition, 2 = addition of dithionite.
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Fig. 2A, B, C. Effect of NaaS20); on lencine aminotransferase in vivo during
s o the growth eycle ot ool g
Addition of (hthlon}to to a concentration of 5 iny to the growth medinm
_wa made at 3 difierent times (A, B and O, indicated l)\'rt‘h(' ArTowWs .
Solid symbols == growth curves, open svimbuols - specific ;'lcli\‘i;\' of leucine
aminotransferase. ’ ’
1 = no addition, 2 - addition of dithionite.
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Figs.3A, B, C. Effect of N2,5,04 on NADH oxidase in vivo during the growth
cycle of L2 coli.
Addition of dithionite to a concentration of 5 mu to the growth medimn
was made at 3 different times (A, B and C), indicated by the arrows,
Solid symbols = growth curves, open symbols = specitic activity of
: NADH oxidase.
1 = no addition, 2 = additivn of dithionite,
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3.2, Leucine aminotransferase .
The specific activity of feucine aminotransferase was highest at
the end of the logarithmic phase and decrcased In Fh(:. stationary
phase in the normal enltare. After addition of dithionite to a
concentration of 5 i to e growth medinm at the beginning of the
logarithmic phase, the specitic activity did not rise as high as in
normal growth (Figo 2300 When addition was mu(l(‘. Iutf*r‘ there was
Cincrease in the specific activity, after which it decreased,
A growth (Figs. 2D and C3).

a sharp

1ty Y
| S

41 P P v gy TesTry
although not so much o m

3.3 NADI oxidasc ‘ -

Fier, 3 <haws the results of experiments in which sodinn dithionite
wias (:a,dv‘m(‘. at 3 different points during the growth cycle and ?hc
elfeet of these additions on NADH oxidase activity. After flddm(){]
of dithionite to @ concentration of 5 ma to the growth medium at 3
different crowth phases, the spectfic activity was found to be Jower
than in normal rowth, The Tnter the addition was made, the .\’m-:llllcr
wa~ the difference between the normal activity <‘ur\‘;‘:md‘ﬂxv activity
curve affected by dithionite (Figs. 3A, B and Con™p. 364).

d4. Alanine aminopeptidase _

The specitie activity of this enzyme did not deerease at the end of
crowth in the normal culture. After addition ()f' dittiiomte, t.he
',\‘]w(;ific activity deercased for asshort time and then inereased again.
There was no sienificant difference hetween the normal ;}c_ﬁ\'lty
crrve and the activity curve which followed from the addition of
dithionite at the beginning of the stationary phase (Figs. 44, B and
Con p. 365).

7
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Figs. 4A, B, C. Effect of NaeS:04 on alanine aminopeptidase in vivo during

Addition of d

the growth cycle of E.coli.
ithionite to a concentyition of & mar to the growth medium

wits made at 3 different times (A, B and C), indicated by the arrows.

Solid symbols -

- growth curves, open symhols - specific activity of alunine
"umnnpoptul 15,
1 = no addition, 2 = addition of dithionite.
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35 Addition of KNOjz to the growth medium

We also added an electron acceptor, KNOy, to a concentration of
30 mat to the prowth medivm of Z.coli at the end of the Jogarithimi
phase of ,J(mth. It had no effect on enzyme activities,

4. Discussion

In previous papers on this subject it has been assumed that the
\(‘H\I'l\lt\' of enzyvmes to the n(lu\ state in vitro 1s due - to th
Gxidation and sodaction of e snlphydryl grovps in the eazyn
molecule (Janterit, rot, l\.‘\\;\.\'um\ and lL.Jlm-, NAKAGAWS
amd Prrivasyt, tovo!, Sizek oaad Tyrenn?). oo recent study
(Ravxto and Lioressowe have shown that clectron donors, such g
certain amino acids, purines and pyrimidines, activate alcoho;
delivdrogenase during the growth of Eeoft, We assumed that the
envirciment can romove dcectrons from the enzyvime molecule,
causing inactivation. Groups on the enzyme molecule that might be
fabile in this respect are, i addition to sulphydryl groups, tryvpto-
phait phenviadanine, t\ rosine and histidine, Enzyme inactivation

can be prevented by adding tln se clectron-donating compounds to
the growth nwlmm.

The explunation offered to account for the results presented here
15 the effect of the redox state in vivo s specific to cach enzyme. The
activation of isocitrate dehvdrogenase, like that ot aleohol dehy-
drogenase, is frreversible. Tn these enzymes the specific activity
does not decrease at the end of growth after addition of (IIIlH(HIl((
as in normal growth without addition of an electron donor (Iig. ),
Leucine aminotransferase 1s also activated by dithionite, but after a
<hort time inactivation begins almost normally (g, 2C). The
deercase of the :puiﬁc activitv of NADH oxidase is increased by
dithionite (Fig. 3C). Alanine aminopeptidise is not significantlyv
affected by this (‘mnp().md (Fig. 4C).

If dithionite is added before the specific activity peak of these
enzymes 1s reached, the specific activity of each enzyme remains
fower than normal (Figs, 24, 3A and 4A). We think that dithionite
inhibits the svnthesiz of these enzyme proteins. This s supported by
the fact that growth 13 slower in culture containing dithionite,
Dithionite could inactivate enzvmes involved in protem svnthesis in
the same way as it inactivates some of the enzymoes investigated in
this paper (Iigs. 3 and 4). In addition, in our carlier paper we showed

hat purines and pyrimidines pr otected aleohol de hvdrogenase
against inactivation and we assumed that these componnds donate
electrons to the environment (Ravxzio and Liciess). Thevcando this
within the DNA molecule, too, thus inhibiting protein synthesis
somechow.

Thus our conclusion is that when dithionite is ndd(‘d to the growth

v
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medium before the synthesis of a particular enzyme is proceeding
at the maximal rate, the activity of thix enzyme remains lower
because of inhibition of its synthesis by dithionite. On the other
hand, when the additionis made at the peak of activity of a partic-
wlar enzyme, the enzyme mav be cither inactivated or activated by
dithionile, ,\}{_a‘\,(-m!mg"yn the individual properties of the enzyvime in
question. This inactivation or activation might be die to the pres-
ence of labile groups in the enzyme molecule which are affected by
clectron donors and acceptors.

Summary

The specific activity of isocitrate dehydrogenase, Teneine amino-
transferase, NADH oxidase and alanine aminopeptidase was in-
vestigated after the addition of an clectron donor, sodinm dithionite,
to the concentration of 5 mar to the growth medinm of Escherickin
wli. The specific activity of cach énzyme was Jower than normal
when the addition was made before the activity reached its maxi-
mum. When the addition was made during this maxtnm, the loss
of the specific activity of isocitrate dehvdrogenase and levcine
ansaminase was deereased. NADH oxidase and alanine amino-
peptidase were, however, inactivated by dithionite when added at
that stage. An clectron acceptor, potassium nitrate, added at the
end of the growth to the medium, had no effect on the activity of
these enzymes.

Zusammenfassung

Die spezifische Aktivitit von Isocitrat-Dehydrogenase, Leucin-
Aminotransferase, NADH-Oxvdase und Alanin-Aminopeptidasce
wurde nach dem Zusaty eines Elcktronendonators, Natriumdithionit,
i ciner Konzentration von 5 my zu dem Zichtungsmedinm von
Vseherichia coli untersucht. Wenn der Zusatz vor dem Aktivitits-
maximum gemacht wurde, war dic spezifisehe Aktivitit jedes
Fnzyms niedriger als ohne Zusatz., Wenn der Zusatz wihrend dieses
“laximums gemacht wurde, fiel die spezifische Aktivitdt von Iso-
Atrat-Dehydrogenase und Leucin-Aminotransferase Jangsamer als
Chne Zusatz. Dagegen wurde NADH-Oxydase und Alanin-Amino-
peptidase von Dithionit inaktiviert, auch wenn s in diesemn Stadium
rgesetzt warde.

Lin Elektronenakzeptant, Kaliumnitrat, hatte kein Effekt auf
der Aktivitit dicser Enzyme, wenn der Zusatz gegen Ende der
Ziichtung gemacht wurde.

K. RAUNIQ, E.-M. LILTUS , .

_{:\nicki, Enzymol. 7, 182 (1939). .

Ioh, 30 Wayashima, K Fujing, ], Blochen, 30, 283 |
Y. :\‘\:kng;n\';l, I Porlmann, IJ‘I’J. /Luc. 24, »/()l( 1?1/7’8;1) o0, 283 (1935)}.
M. Tono, J. Biochein. (Japan) 29, 361 (1939). '

L Siver, AL Tvtell, Jobiol, Chow 138, 631 (1941).

l.(. Raunio, .-\ Lilins, Tpzvnol., submitied f:)r publication

5, Ochoa, “The Lsocitive Dehydrozenase System (1PN ) from .i’ip Heasyr
i Methods in Mnzynielogy, edited by <P Colowick and N. O, K: C(]N
Avademie Press, New York 19a5, Vol. | p. 699, N P,
R, }(:1(11\1(,\, cota Clhent, Seind, 23, 1H6S (1.‘)(;9).

i (‘;r)!{”"‘l{‘t,{, AL NWatenberg, Caneer V1, 203 (1958

. Heinonen, dnn. Adcad. Sci. Fennicae AL 1, 151, 77 (1970}.

j.
R

v



INDEPENDENCE MALL WEST, PHILACELPHIA, PA 18105 TELEPHONE (215} 592-3000

June 21; 1973

Mr. Frank J. Letkiewicz
Tracor Jitco, Inc.

1300 E. Gude Drive
Rockville, Maryland 20851

Dear Mr. Letkiewicz:

Thank you for your letter of June 14, 1973 requesting information on
sodium hydrosulfite (Lykopon SF) and zinc hydrosulfite (Protolin Z).

These products have GRAS approval for can coatings, adhesives, paper
end paperboard applications. As for food uses, these procducts are not
food grade and do not have FDA clearance for this application. I have

- enclosed our technical bulletin discussing these products for your
review,

I hope this information proves satisfactory and thank you for this
opportunity to have been of service.

Sincerely,
/7
;7<f¢ éﬁy /é;?J;LU7OL4W~g

Leonard C. Newman, Marketing Specialist
Organic and Inorganic Chemicals
Industrial Chemicals Department

LON/1f
Enclosure
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ROHM AND HRRAS COMPANY

INDEPENDENCE MALL WEST
PHILADELPHIA, PENNSYLVANIA 18105

HYDROSULFITES AND SULFOXYLATES

A.  INTRODUCTION

Metal hydrosulfites and sul foxylate formaldehydes are chemicals characterized by their
high reducing capacity. Four such compounds manufactured by Rohm and Haas Company are

LYKOPON (sodium hydrosul fite)

PROTOLIN Z (zinc hydrosulfite)
—FORMOPON-{soditum—sul-forvrtate—formaldehyde) OidScanTInUED
FORMORON-—EXTRA—{(basie—sine—sulforytate—formeldehyde) DiScon T/VUED

_ In general, the hydrosulfites and sul foxylate formaldehydes are used primarily as re-
ducing agents and bleaching agents. Because of variations in stability at different tempera-
ture ranges and pH values, however, some of these compounds are more adaptable to certain
applications and have become established reagents in special fields. For example, LYKOPON
and FORMOPON are widely used as reducing agents in redox emulsion polymerizations of acrylic
monomers and in rubber formulations. They are also employed extensively in textile manufac-
turing for the reduction of vat dyes to soluble forms, for stripping dyestuffs from cloth,
and for bleaching textiles. All four reducing agents are utilized in bleaching wood pulp,
soap, sugar, molasses, glue, and oils and fats.

B. PHYSICAL PROPERTIES

The hydrosulfites and sul foxylate formaldehydes manufactured by Rohm and Haas Company
differ quite widely in physical and chemical properties and in the degree of efficiency at
which they operate under specific reaction conditions. This diversity permits a choice of
the reducing agent that is most suitable for any given application.

A sumary of some of the physical and chemical properties of LYKOPON, PROTOLIN Z,
FORMOPON, and FORMOPON EXTRA is given in Table I. : :

These suggestions and data m‘béud on in'ormatio;l we believe t0 be reliabla. They are offered in good faith
but without guarantee, as canditions and methods of use of our products are beyond our control. We recommend
p user det the bility of our materials and suggestions before adopting them on a

CI-30 G/ch . ki A or iy

( Supersedes SP-21 8/65) Suggestions for uses of our preducts or the inclusion of descriptive material fram patents and the citation
of specific palents in this publication should not be understood as recommending the use of our products in
violation of any patent or as permission or license o use any patents of the Rohm and Haas Company.




TABLE I

TYPICAL PROPERTIES OF THE HYDROSULFITES AND SULFOXYLATES

Formula

Molecular Weight
Equivalent Weight?

Form

Particle Size

Purity, %

Color
Odor

Suggested pH for Use
Solubility in Water,
oz. per gal. at 86°F,

Other Properties

LYKOPON PROTOLIN Z FORMOPON FORMOPON EXTRA
. . . . Sodium Sul foxylate Basic Zinc Sulfoxylate
Sodium Hydrosul fite Zinc Hydrosulfite Formal dehyde Formal dehyde
Na S0, Zn5,0, NaHS0, . Cli,0. 2H,0 Zn (OH)HS0,.CH,0
174.1 193.5 154.1 177.5
87.0 96.7 71.0 88.7

Free flowing
crystalline powder

100% pasées through
U.S. Bureau of
Standards #24 mesh

screen,

94 min,

Vhite
Free of st and 802

7.5-11.0

31
Stable in alkali.
DPecomposes in acid.

Free flowing
non-dusting powder

1.0% max, retained
on U.S. Bureau of

Standards #20 screen.

84-87 min.P

White ,
Slight SO,

5.5-7.0
49

Some tubidity in
aqueous solution.'

Pea size, grain size, -
and powder; crystalline

Pea: 8 mesh to 1/2"
Grain: 65% min, passes
U.S. Bureau of Stand-
ards #8 but retained -
on U.S. Bureau of
Standards #30 screen.
Powder: 95% min, passes
U.S. Bureau of Standards
#10 screen.

Pea: 99.0-101.0°€
Grain & Powders:
97.0-101.0¢

White
Odorless to faint

. garlic-like

3.2-3.54

86

Decomposes slowly in
warm, moist air.

Fine dry powder

1.0% retained on U.S.

- Bureau of Standards

#30 screen.

'88-90 min,

Light gray
Faint formaldehyde
odor

3,2.3.5d

0.1 ,
Soluble in acid solutions

under pH 4.0

AN TUo
)

undue decomposition.

Based on ammoniacal copper method.

Refer to Am. Dyestuff Reptr. 46, 443-447 (1957),
84.0% ¢+ 1.0% by Iodine Method; 87.0% + 1.0% by Rubine R Method. Refer to An. Dyestuff Reptr. 4§, 443-447 (1957)
Traces of water of crystulluauon are driven off in manufacture; thus, apparent purity may exceed 100%,

It is ndvisable to agitate the solution during acidification to prevent local concentration of acid and subsequent

47



1. 'EFFECT OF pH

The effective reducing capacity of the hydrosulfites and sul foxylate formaldehydes is
directly related to the pH at which these compounds are used. Suggested pH ranges for the
most efficient and economical operation are given in Table I for each of the reducing agents.
In very alkaline systems, all of these products are quite stable and afford little, if any,
reducing activity. As the pH is lowered the activity increases. However, if the pH 1s
lowered appreciably below the suggested range, the material will decompose so rapidly that
much of the reducing activity is lost. In the case of LYKOPON (sodium hydrosulfite), the
most effective and economic reducing action is obtained at a pH of 7.5-11. PROTOLIN Z (zinc
hydrosul fite) is used most effectively at a pH of 5.5-7.0. The sulfoxylate derivatives,
FORMOPON and FORMOPON EXTRA, are much more stable and the pH must be lowered to about
3.9.3.5 for the best results. It is important for the solution to be agitated while the pH
is being lowered because local concentrations of acid cause rapid decomposition, which is
undesirable. : '

9. EFFECT OF TEMPERATURE

The reactivity of the hydrosulfites and sulfoxylate formaldehydes is affected by tem-
perature - the higher the temperature, the greater the reducing power. At lower temperatures,
the reduction potential is lower but is exerted over a longer period of time. At any given
temperature, the total reducing power and available reduction time is dependent upon the
amount of hydrosulfite or sulfoxylate present. LYKOPON, the most reactive of the Fohm and
Haas reducing agents, is most efficient at approximately 120°F. PROTOLIN Z is effective at
100-170°F., with the higher temperatures preferred for most economical operation. FORVOPON
and FORMOPON EXTRA can be used at temperatures of 180-212°F. FORMOPON EXTRA 1is the
most stable of the four reducing agents and is often utilized at the upper end of the temper-

ature range, 212°F.

C. TOXICITY
HYDROSULFITES

Acute Oral Toxicity - May be tolerated in fairly large doses since they are rapidly
oxidized to sulfates. The alimentary tract, however, may be irritated during ingestion.

Skin Irritation - May be irritating to the skin and mucous membranes.

Inhalation Toxicity - Inhalation of the dust should be avoided.

ANTIDOTE STATEMENT: If hydrosul fites are taken internally, vomiting should be induced by
inserting finger into throat, copious quantities of water consumed and medical attention ob-
tained for gastric lavage. In case of contact with skin, exposed areas should be washed with
soap and water. In case of contact, the eyes should be flushed with copious amounts of water
for 15 minutes. If irritation persists, an ophthalmologist should be consulted. Breathing

" of dust should be avoided. Clothing should be washed before re-use.
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SODIUM SULFOXYLATE FORMALDEHYDE

Rats: LD = > 1.00 g. per kg body wt. (1)
Rabbits: LD = > 1.00 g. per kg body wt. (1)

(No symptoms were observed at this dosage except slight diarrhea in rats.)

Acute Oral Toxicity -

Skin Irritation - Not expected to be a skin irritant,

Inhalation Toxicity - Inhalation of the dust should be avoided.

ANTIDOTE STATEMENT: If sodium sulfoxylate formaldehyde is taken internally, vomiting
should be induced by inserting finger into throat, copious quantities of water consumed and
medical attention obtained for gastric lavage. In case of contact with skin, exposed areas
should be washed with soap and water. In case of contact, the eyes should be flushed with
water. Breathing of dust should be avoided.. '

D. REDUCING POWER

The reducing power of LYKOPON, PROTOLIN Z, FORMOPON, and FOBMOPON EXTRA, 1in

terms of pounds of material for equivalent activity, is given in Table II.

TABLE II
COMPARISON OF REDUCING POWER OF THE HYDROSULFITES AND SULFOXYLATES
Pounds of
Molecular | Equivalent® . ‘Material For
Product Weight Weight Purity % Equivalent
: : Activity**
LYKOPON (sodiun hydrosulfite) 174.1 87.0 94 min. 1.4
PROTOLIN Z (zinc hydrosul fite) 193.5 96.7 84-87 min. 1.8
FORMOPON (sodium sul foxylate 154. 1 71.0 99-101 min. 1.2
formaldehyde) '
FORMOPON EXTRA (basic zinc 171.5. 88.7 88-90 min. 1.5
sul foxylate formaldehyde)

*  Based on ammoniacal copper method.

* %

for each of the reducing agents.

is often employed.

The weights given above are calculated on the basis of optimum pH and temperature

In substituting a chemically equivalent amount

of one reducing agent for another, the effective reducing power may appear to vary
depending upon the reaction conditions used. Thus, the reducing activity of 1.4
pounds of LYKOPON would appear to be less than that of 1.8 pounds of PROTOLIN Z
1f LYKOPON were used at the higher temperatures (ca. 170°F.) where PROTOLIN Z

-4 -
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E. APPLICATIONS

The hydrosul fites and sul foxylates have been studied and used in a wide variety of
applications on a world-wide basis since before 1900, Unlike many other chemicals, they have
not been replaced by newer reducing agents. Rather, the purer grades such as those offered
by Rohm and Haas offer greater advantages over those .formerly available. Some of the applica-
tions in which the hydrosulfites and sulfoxylates are used and a few of the many references
pertaining to these products are given below,

1. EMULSION POLYMERIZATION

The hydrosulfites and sulfoxylates have attained importance as reducing agents in.the
preparation of emulsion polymers.

Fmulsion polymerization is most commonly a free radical polymerization initiated by the
decomposition of a catalyst into free radicals. To use a catalyst such as a peroxide, per-
sul fate, or similar material with a reasonable storage life at room temperatures to initiate
emulsion polymerization, either (1) the polymerization must be carried out at elevated tem-
peratures, or (2) decomposition of the catalyst must be induced by the use of a reducing
agent. The second method, a redox catalyst system, has the advantage of providing.a rapid
polymerization rate without external heating. This results in savings in equipment costs

" since reflux condensers and external heaters may not be needed. There may also be some
savings in catalyst costs. LYKOPON and FORMOPON are reducing agents excellently suited
for use in redox catalyst systems in emulsion polymerization®.

A typical recipe for an emulsion polymerization would require about 0.5%, based on the
weight of the monomer, of a catalyst e.g. ammonium persul fate, plus approximately an equiva-
lence of LYKOPON or FORMOPON. The actual range of ratios of reducing agent to catalyst
to achieve optimum polymerization rates may be limited to a narrow range which would vary
with the monomers used. This range of optimum reducing agent to catalyst ratio is probably
"dependent upon the initlal temperature of the system. Too high a ratio would dissipate the
catalyst before a high degree of monomer conversion has been reached; at lower ratios the
amount of catalyst decomposed by the reducing agent may not be sufficient to initiate poly-
merization. '

It is usually good practice to initiate a redox polymerization at as low a temperature
as is practical since an exotherm of 60-65°C. is not uncommon; higher initial temperatures
would allow the exotherm to bring the temperature to the refluxing point. This would dissi-
pate the catalyst before the reaction has reached a high degree of conversion.” It is im-
portant that sufficient water be present in the emulsion system to dissipate the heat pro-
duced, thereby preventing the system from reaching reflux temperature.

Heavy metals in low concentrations (1-15 ppm) act as promoters for some redox catalyst
systems and may greatly increase the rate of polymerization. Cupric, ferric, chromic, and
silver salts are effective. On the other hand, excessive amounts of heavy metals will often
inhibit polymerization; therefore, polymerization should be conducted in stainless steel or
glass-lined kettles. Distilled or deionized water should be used to assure consistent results.

The use of FORMOPON and LYKOPON in redox emulsion polymerizations is of particular
interest in at least two fields - acrylic emulsion polymers and-cold rubber (butadiene-styrene)
emulsion polymers. h '

* A detailed discussion is presented in CM-104 (Emulsion Polymerization of Acrylic Monomers),
published by Rohm and Haas Company, Industrial Chemicals Department.

- 5.-
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ACRYLIC EMULSION POLYMERS

FORMOPON and LYKOPON are equally effective in both single-stage and two-stage
acrylic redox emulsion polymerizations. Because of the rapid rate of decomposition of the
catalyst in such systems, however, the catalyst is often depleted before the polymerization
is complete. In order to take the reaction as near to completion as possible, a small amount
(about 0.01% based on the weight of monomer) of a second catalyst having a long half-life at
low temperatures is also added. An example of such a catalyst is t-butyl hydroperoxide.

Typical recipes and laboratory procedures for a single-stage and a two-stage redox
acrylic emulsion polymerization are given below. In the single-stage recipe, TRITON X-200*
is used as the emulsifier. In the two-stage system, the sodium salt of TRITON QS-44** ;s
the emulsifying agent in both stages.

1. SINGLE-STAGE REDOX RECIPE

A. PROCEDURE

MATERIALS

Deionized Water 376 g.
TRITON X-200 ' 24 g.
Ethyl Acrylate (15 ppm MEHQ) 120 g.
Methyl Methacrylate (10 ppm MEHQ) 80 ‘g.
Methacrylic Acid (100 ppm MEHQ) T2 g.
FeSO, Solution (0.3 g. FeSO, . 7H20/200 g. H,0, freshly 4 g.

prepared), representing 2 ppm of iron in the emulsion

Anmonium Persul fate 1 g.
FORMOPON 0.7 g.
t-Butyl Hydroperoxide (70%) 0.25 g.

A l-liter 3-neck flask is rinsed with deionized water and equipped with a 3-inch Teflon
paddle stirrer capable of rotating at approximately 250 rpm, a thermometer, a water-cooled
reflux condenser, and a nitrogen inlet tube extending close to the bottom wall of the flask.
Deionized water (376 g.) and TRITON X-200 (28% solids) (24 g.) are added and the stirrer is
started. After the surfactant has been completely dissolved, ethyl acrylate (120 g.), methyl
methacrylate (80 g.), and methacrylic acid (2 g,) are added slowly in sequence to form an
emulsion. The freshly prepared ferrous sulfate solution (4 g.) is added and stirring is
continued for 15 minutes during which nitrogen is fed through the dip tube at approximately
50 cc. per minute., The temperature of the mixture is then adjusted to 20°C., and ammonium
persul fate (0.7 g.), FORMOPON (0.7 g.), and t-butyl hydroperoxide (70%) (0.25 g.) are added.
After a S5-minute induction period the temperature rises to approximately 80°C. within 2-3
minutes. Stirring is continued for 15 minutes and the emulsion is then cooled to room tem-
perature and strained through cheesecloth.

*

Refer to Rohm and Haas Company, Industrial Chemicals Depart.ment Bulletm Cs-25 (TBITON X-200
and TRITON X-202).

** For additional information on the use of TRITON QS-44 as a principal surfactént in
emulsion polymerizations, see Bulletin CS-34 (Phosphate Ester Surfact.ants) available
from Rohm and Haas Company, Industrial Chemicals Department.
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B. PROPERTIES OF SINGLE-STAGE EMULSION

Some typical properties of the single-stage emulsion prepared above are listed below.

Solids (calculated), % - . 34.3
Solids (found), % | o 34.3
pH of Emulsion Polymer at 26°C. | ' ' _ 2.6
Viscosity, cps, (Brookfield) ' 6.0 .
Minimum Filmforming Temperature (MFT), °C. - © 5.0

Tukon Film Hardness (KHN units) - ' 1.99

2.. TWO-STAGE REDOX RECIPE

A. PROCEDURE

MATERIALS . : FIRST STAGE SECOND STAGE
Deionized Water 3% g . -9 g
TRITON QS-44 ) 5.1 g. - 5.1 g
Ethyl Acrylate (15 ppm MEHQ) , 100 g 100 g.
Methyl Methacrylate (10 ppm MEHQ) 100 g. 100 .
Methacrylic Acid (100 ppm MEHQ) 4 g 4 g
FeSO, Solution (0.3 g. FeSO, .TH,0/200 ¢. 4 g _ 4 g

H,0, freshly prepared)

Amonium Persulfate in 5 cc. HO - 1 g - 1 g.
FORMOPON in 5 cc. HP : 0.7 g. 0.7 g.
t-Butyl Hydroperoxide 5 drops S drops

1. FIRST STAGE

Into a thoroughly clean beaker (washed with deionized water) is measured TRITON
QS-44 (80% solids) (5.1 g.) and deionized water (375 g.) and the mixture is stirred with a
magnetic stirrer until the surfactant is completely dissolved. The solution is adjusted to
pH 9.0 with 50% sodium hydroxide solution using a calibrated pH meter. The solution is then
charged to a 1-liter 3-neck flask (rinsed with deionized water) equipped with a 3-inch Teflon
paddle stirrer rotating at approximately 250 rpm, thermometer, nitrogen inlet tube extending
beneath the surface of the liquid, and reflux condenser. A solution of the three monomers
(ethyl acrylate, 100 g., methyl methacrylate, 100 g., and methacrylic acid, 4 g.) is then
added to the mixture in the reaction flask. After stirring to form an emulsion, the freshly
prepared ferrous sulfate solution (4 g.) is added and the mixture is stirred for 15 minutes
with nitrogen being fed in through the dip tube at approximately 50 cc. per minute. The tem-
perature is then adjusted to 20°C. and ammonium persul fate (1.0 g. dissolved in 5 cc. deionized
water), FORMOPON (0.7 g. dissolved in 5 cc. deionized water), and t-butyl hydroperoxide
(5 drops) are added. The cooling bath is removed and the temperature is recorded every minute
until the maximum temperature is reached. The time required to reach the maximum temperature
(ca. 77°C.) is usually 12-15 minutes. After the temperature begins to drop, stirring is
. continued for 15 minutes and the emulsion is then cooled to 20-25°C,
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2. SECOND STAGE

The second emulsion is made as follows: TRITON QS-44 (80% solids) (5.1 g.)
and deionized water (90 g.) are mixed thoroughly until the surfactant is completely dissolved.
The pH of the mixture is then adjusted to 9.0 with 50% sodium hydroxide solution as in the
first stage. The mixture is transferred to a 500 ml. flask, previously rinsed with deionized
water, and ethyl acrylate (100 g.), methyl methacrylate (100 g.), methacrylic acid (4 g.),
and ferrous sulfate solution (4 g.) are added. The mixture is then shaken vigorously until
a homogeneous monomer emulsion is formed.

The monomer emulsion is added to the first stage emulsion polymer with stirring.
Stirring is continued for 15 minutes while the mixture is purged with nitrogen and the tem-
perature is adjusted to 20°C. The ammonium persul fate (1 g. in 5 cc. water), FORMOPON (0.7
g. in 5 cc. water), and t-butyl hydroperoxide (5 drops) are added in succession, the cooling
bath is removed, and the temperature is recorded every minute until the maximum temperature
(ca. 65°C.) is reached (ca. 7-10 minutes). Stirring is continued for 15 minutes to allow
the reaction to go to completion, and the emulsion is then cooled to room temperature and
discharged through cheesecloth. .

B. PROPERTIES OF TWO-STAGE EMULSION

Typical properties of the emulsions obtained in each stage of the two-stage recipe
above are shown below. ‘

FIRST STAGE  TWO-STAGE
EMULSION EMULSION
Solids (calculated), % 35.00 45.91
Solids (found), % 34.31 45.36
% Surfactant Solids Based on Monomer 2.0 - 2.0
pH of Emulsion Polymer at;. 25°C, ' 5.6 5.8
Particle Size as % Light Scatter | 22.8 © 23.6
Viscosity, cps, (Brookfield, 60 rpm) 7.9a 35. 52
Minimun Filmforming Temperature (MFT), °C. 202 .
Gums, % ' 0.17 0.25

‘a - FEmulsion adjusted to pH 9.5 with concentrated ammonium hydroxide before measurement was

taken,

The preparation of poly(methyl methacrylate) emulsions has been reported in which
LYKOPON (2) was used as initiator. Methods employing LYKOPON (3) and FORMOPON (4) for
making polyacrylonitrile emulsions have also been published. '

- 8 -




COLD RUBBER EMULSION - POLYMERS

FORMOPON is important as an activator in emulsion polymerization recipes for .the pre-
paration of cold rubber, for example, the 70: 30 butadiene:styrene copolymer made at 40°F. (5, 6).
Compared with other redox systems, sulfoxylate accelerated systems have the following advantages:

1. Improved polymerization reproducibility.

2. The possibility of appreciable cost savings because of the lower concentrations of
organic hydroperoxides required. '

3. Improved color of latexes and improved color and aging resistance in polymer
vulcanizates because of the lower concentrations of iron compounds needed.

4. Production of high-solids and medium-solids latexes of much lower viscosity.

LYKOPON is also a highly useful reagent in the preparation of cold or GR-S rubber. It
can be utilized as a polymerization accelerator (7), as a polymerization stopping agent to
terminate chain growth (8), or as an oxygen scavenger in recycled butadiene or in emulsion
recipes containing ferrous iron (9), '

Additional information on the role of FORMOPON and LYKOPON in cold rubber emulsion
polymers is available on request.

. OTHER POLYMER SYSTEMS

Numerous examples of other copolymers and homopolymers prepared in the presence of
sul foxylate or hydrosul fite activators are found in the literature. Some of these, listed

according to the activators and monomers used, are:

LYKOPON (Sodium Hydrosul fite) FOBRMOPON (Sodium Sulfoxylate Formaldehyde)
methyl methacrylate-butadiene (2) 70: 30 butadiene-methyl acrylate (5)

methyl methacrylate-vinyl acetate (2) 50: 50 butadiene-isoprene and polyisoprene (5)
vinyl acetate (10) . vinyl chloride (4)

vinyl chloride (2, 10, 11)
vinyl chloride-vinyl acetate (2)

_ In many cases, FORMOPON is the preferred reducing agent because of its relative stabil-
ity and efficiency around 100°C., the temperature necessary for copolymers having high orienta-
tion and toughness. The use of the sulfoxylates or hydrosulfites also reduces the amount of
heavy metal ions required (12). '



2. TEXTILES

LYKOPON (13) and FORMOPON (14) are used extensively in the textile industry for the

. reduction of vat dyestuffs to a soluble form which can be picked up by fabrics and subsequently

fixed on the cloth, The sulfoxylate formaldehyde is also employed for discharge printing of
dyed textiles, preparation of oil-in-water emulsions of textile printing pastes (15), and
flash-age fixation of vat prints (16). In the dyeing and printing of cellulose acetate fibers,

~ both FORMOPON and FORMOPON EXTRA (the sodium and basic zinc sul foxylate formaldehydes) have

been recommended (17).

The hydrosulfites and sulfoxylates are also effective agents for removing dyestuffs from
textiles when it is desirable to redye or rework the materials (18). FORMOPON EXTRA, partic-
ularly, has been used in conjunction with acetic acid (19), citric acid (20), oxalic acid (21)
and succinic acid (22) as a color and stain remover for fabrics.

The removal of residual chlorine from hypochlorite-bleached natural fibers (23) and syn-
thetic fibers'such as nylon (24, 25) by means of LYKOPON,- FORMOPON, and FORMOPON EXTRA

is another application of these materials in the textile field.

Literature giving more detailed information on the use of Rohm and Haas reducing agents in
the textile field may be obtained on request*.

3. PAPER

PROTOLIN Z, LYKOPON, and FORMOPON** are used to improve the color of mechanical
pulp (groundwood) in the manufacture of white and light-colored paper (26, 27),

Compared with other bleaching agents, such as peroxides, treatment with the hydrosul fites
offers the advantages of low cost per point of gain in brightness, less manipulation, and the

possibility of bleaching in existing or only slightly modified paper mill equipment (28).

In the bleaching of spruce groundwood, southern pine groundwood, and poplar groundwood,
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PROTOLIN Z is often preferred on the basis of cost. Used at the level of 0.5-1.0%, PROTOLIN Z

improves the color of the pulp by several points on the Photovolt brightness scale. The re-
ducing agent may be added to the pulp in the grinder pit or in the beater but the preferred
practice is to add it to the stock chest; the last procedure minimizes aeration which decreases
the efficiency of the bleaching agent.

Equally good brightening of spruce groundwood (29, 30) and poplar groundwood (31) has also
been reported by the use of LYKOPON. In the case of aspen groundwood, laboratory and mill
trials indicate that sodium hydrosulfite is a more economical reducing agent than the corres-
ponding zinc salt (32).

LYKOPON is employed widely in the paper industry to strip the color (vat dyes) from
cotton rags for the preparation of rag paper. In this process the dyes are reduced to a soluble
form and then removed by rinsing with water. As in other reductions, the operation is sensitive
to oxygen and should therefore be carried out in a closed vessel for maximum efficiency,

*  Befer to Technical Bulletins T-9b (LYKOPON), T-Tb (FORMOPON), and T-6¢ (Color Stripping
with Reducing Agents). ‘

** Copies of Technical Bulletins TP-100 (Hydrosulfites in Bleaching Pulp for Paper) and TP-78
(PROTOLIN Z) are available from Rohm and Haas Company, Philadelphia, Pa. 19105.

- 10 -
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4, SOAP
LYKOPON is an inexpensive, practical, and efficient bleach in soap production.

To obtain the best results, LYKOPON must be added to the kettle when the soap mixture
contains a high percentage of caustic, On white soaps, it is added on a strong lye change
and prior to the soft washing. On yellow soap, it is added on the wash before the finish.

In general, LYKOPON is added after all the water has been added and prior to the separation
of the soap from the glycerin and salt. The boil should be continued for several hours after
the addition of LYKOPON.

The ratio of one pound of LYKOPON per thousand pounds of stock is about the minimum,
The actual amount required depends on the quality of the fat used, with a maximum of two pounds
per thousand pounds of stock.

Sodium hydrosul fite, in conjunction with an appropriate ultraviolet absorber such as
2-hydroxy-4-methoxybenzophenone, is reported to enhance the llght stability of soaps containing
antiseptic agents (33).

5. SUGAR

Hydrosul fites, hydrosulfite derivatives, and particularly sodium hydrosul fite (LYKOPON)
are established reagents in the manufacture and refining of sugar (34). Their use results in
easler processing because of reduced viscosity of the sugar solutions and in products of lighter
color (35, 36). Increased yields of crystalline sugar may also be obtained.

6. MOLASSES

In the preparation of molasses, bleaching effects similar to those obtained with sugar
are produced by LYKOPON and FORMOPON. Levels of 1-5 pounds per -1,000 gallons of
molasses are used. The reducing agent 1s first dissolved in water and then added to the syrup.
LYKOPON gives good bleaching at 120°F., whereas FORMOPON must be heated to 180°F. In gen-
eral, FORMOPON gives better retention of the bleached color than LYKOPON and also imparts
greater clarity and sparkle., It has been found that the best bleaching is obtained if the
0peration 1s carried out on the final molasses rather than the original cane syrup. Since there
is a possibility of some redevelopment of color, it is deslrable to minimize the exposure to
air after bleaching,

7. OILS AND FATS

Sodium hydrosulfite and its derivatives have been used for many years to treat animal
and vegetable fatty oils, such as corn oil (37), coconut oil (38), and gum-containing oils
(glycerides and fatty acid esters) (39), to remove naturally occurring colored compounds and
colored substances formed by oxidation (40). The reducing agents are usually added.as a
0.01-2.0% aqueous solution to form an emulsion with the oil being treated. After agitating
in a closed vessel at elevated temperatures (ca, 50-100°C.), the emulsion is broken and the
decolorized oil is separated and recovered.

.~
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8. MISCELLANEOUS

The hydrosulfites and sulfoxylates are utilized in many varied applications in which
an economical and effective reducing agent is required. Some of these uses and the respective
agents are:

Clay, bleaching of : LYKOPON, PROTOLIN Z (41, 42)
Clay, removal of iron from ; o LYKOPON (43)
Glue, bleaching of ’ - all four reagents '
Hair-curling products, formulation of LYKOPON (44)
Hair-grooming preparations, improvement of LYKOPON . © (45)
Hides, depilatory aid in tanning of LYKOPON (46)
Iron and steel, separation of copper in FORMOPON (47)
analysis of : '
Mercuric chloride poisoning, antidote for FORMOPON (1, 48)
Monomers, preparation from trans methyl all four reagents (49)
fumarate and epoxidized soya oil
Ore-separation, depressant to prevent LYKOPON, PROTOLIN Z
flotation in
Water-softening resins, removal of LYKOPON™*
iron deposits from
Well-producing equipment, anti-corrosion - FORMOPON ' (50)
agent for

F. STORAGE AND HANDLING

The hydrosulfites and sulfoxylates decompose under the influence of heat or moisture. They
should therefore be kept in sealed water-tight containers and stored in a cool dry place. Under

such conditions, these products can be stored with negligible loss in purity over a prolonged period.

FORMOPON is slightly hygroscopic and becomes more unstable as moisture is adsorbed. Pea
size FORMOPON is more stable than the graln or powder forms, Since the degree of hygroscoplcu,y
is 1nversel) proportlonal to the particle size. In cases where there 1s any_guestlon about storage
cond%tlons pea sue POR\IOPO\' should be ordered-rather than the finer grades.

Greater care in handling is needed with LYKOPON than with the other hydrosulfites and sul-
foxylates. On contact with water LYKOPON decomposes quite rapidly, and gases are formed which
can ignite spontaneously. For this reason, LYKOPON 1is classified as a flammable solid and is
shipped under the I.C.C. Yellow Caution Label. The Bureau of Explosives restrictions prohibit

the shipment of LYKOPON by Railway Express in packages in excess of 100 lbs. LYKOPON cannot
be sent through the mail.

When handling LYKOPON, contact with moisture should be avoided and clean dry utensils should
be used at all times. Any material that is spilled should be cleaned up, and the site washed with
copious amounts of water. Partly used containers should be resealed because an improperly sealed
container of LYKOPON represents a definite fire hazard.

When fighting a LYKOPON fire, the burning material should be deluged with water since too

little water may be worse than none at all. <Carbon dioxide and dry fire extinguishers are valueless
since the product provides its own oxygen for combustion,

* Additional information on LYKOPON treatment of iron-fouled water softeners may be obtained

from Rohm and Haas Company, lon Exchange Department

- .12 -

43



REFERENCES |

(1) S. M. Posenthal, Public Health Rept. 48 (52), 1543-1560 (1933).

(2) Imperial Chemical Industries Ltd., Brit. 586,796 (Apr. 1, 1947).

(3) K. Jost (to Badische Anilin- & Soda-Fabrik A.-G. ), Ger. 936,358 (Dec. 7, 1955).

(4) G, Bier (to Farbverke Hoechst A.-G.), U.S. 2,689,836 (Sept. 21, 1954).

(5) R W. Brown, C. V. Bawn, E. B. Hansen, and L. H. Howland, Ind. Eng. Chem. 46, 1073-80 (1954).
(6) R W. Brown (to United States Rubber Co.), U.S. 2,716,107 (Aug. 23, 1955).

(1) C. A Uraneck and S. P. Landes (to pl{iliips Petroleun Go.), U.S. 2,614,098 (Oct. 14, 1952),
(8) C. J. Antlfinger and C. H. Lufter, Ind. Eng. Chem. 45, 182-6 (1953). |

) R V. Hobson and J. D. D'Tanni, Ind. Eng. Chem. 42, 1572-7 (1950).

(10) Ind. Eng. Chem. 50 (9) Part II, 1393-1400 (1958).

(11) R G. R. Bacon, L. B. Morgan, W. B. Whalley (to Imperial Chemical Industries Ltd.),
Brit. 573,366 (Nov. 19, 1945). -

(12) M. J. Poedel (to E. I. du Pont de Nemours & Co.), U.S. 2,703,794 (Mar. 8, 1955).

(13) 0. Fuchs, F. Meininger, and G. Pfeiffer (to Farbwerke Hoechst A.-G.), Ger. 1,117,242
(N_ov. 16, 1961).

(14) R. D. Blum, Jr. et al., Am. Dyestuff Reptr. 43, Proc. Am. Assoc. Textile Chemists
Golorists P525-40 (1954).

(15) J. L. Borstelmann and F. Fordemwalt (to American Cyanamid Co.), U.S. 2,597,281 (May 20, 1952).
(16) F. R. Alsberg and W. F. Liquorice, J. Soc. Dyers Colourists 78 (12), 603-8 (.1962).

(17) G. D. Sutton and O. Boothby (to T. E. Marchington & Co., Ltd.), U.S. 2,698,218 (Dec. 28, 1954).
(18) J. Starkie, J. Soc. Dyers Colourists 63, 340-3 (1947).

(19) P. J. Wood and E. T. Duff-y, Am. Dyestuff Reptr. 40, Proc. Am. Assoc. Textile Chem.
: Colorists, P675-80 (1951). i

(20) C. M. Gooding, E. Morrill, and E. D. Seiter (to Best Foods, Inc.),‘U.S. 2,548,892
(Apr. 17, 1951). ’

(21) idem., U.S. 2,549,079 (Apr. 17, 1951).

(22) E. D. Seiter, C. M. Gooding, and E. Morrill (to Best Foods, Inc.), U.S. 2,548,914
(Apr. 17, 1951).

(23) K. A. Lokapur, Indian Textile J. 62, 33-5 (1951).

(24) Seda de Barcelona S.A., Span. 210,197 (Oct. 28, 1953).

- 13 -



(25)
(26)

(27)

(28)
(29)
(30)

(31)

(32)
(33)
- (34)
(35)

(36)

(37)
(38)
(39)
(40)
'(41)

(42)

(43)
(44)
(45)
(46)
(47)
(48)
(49)

(50)

43

Onderzoekingsinstituut "Research"'N.V.,. Dutch 75,077 (June 15, 1954).
F. J. Poschmann, Oesterr. Papier-Ztg. 67 (2), 13, 15, 17, 19 (1961).

R. L. McEwen, C. W. Raleigh, and C. E. Price (to Food \1ach1nery and Chemical Corp.),
U.S. 2,912,297 (Nov. 10, 1959),

H. Pellequer, Papeterie 78, 139, 141, 143, 145, 147, 149 (1956).
G. Jayme and G. Worner, Das Papier 6, 80-6 (1952).
G. Jayme and G, Worner, Holz Foh-u, Werkstoff 10, 244 (1952).

L. Merlo, T. Cubeddu, and G. Calzmanti (to Montecatini Societa Generale per L'Industria
Mineraria e Chemica), Ital. 606,691 (July 18, 1960).

E. Masak, Jr., Tappi 43 (1), 166A-168A (1960).

J. G. Kleyn (to Monsanto Chemical Co.), U.S. 2,921,907 '(Jan. 19, 1960).
M. L. Descamps, Bull. Assoc. Chem. Sucre Dist. 24, 875 (1906).

A. L. Slar (to Virginia Smelting (b..), U.S. 2,672,428 (Mar. 16, 1954).

A. Carreras Ledon and J. C. Pita Larraneta, Bol. Ofic. Asoc. Tec. Azucar (Cuba) 10, 11-20
(1951-52). Sugar Ind. Abstr. 13, 111 (1951).

H. A. Metz and P. S. Clarkson, U.S. 856,357 (June 11, 1907).

Badische Anilin- & Soda-Fabrik A.-G., U.S. 1,089,253 (Mar. 3, 1914),

F. S. Sadler (to The Sharples Corp.), U.S. 2,732,388 (Jan. 24, 1956).

A. J. C. Anderson; Befining of Oils and Fats. New York: bergamon Press, 1962.
R. F. Conley (to Georgia Kaolin Go.), U.S. 3,001,852 (Sept. 26, 1961).

R, F. Conley, H. J. Golding, and M. W. Taranto, Ind. Eng Chem., Process Design Develop.
3 (2) 183-8 (1964).

T. Kuwada and Y. Sugawara, Japan 4770 (Aug. 3, 1954).

P. Mora, Ttal. 458,943 (Aug. 12, 1950).

Colgate-Palmolive Co., Brit. 908,888 (Oct. 24, 1962).

K. Ito, Sci. Bept. Hyogo. Univ. Agr. Zootech Sci. Ed. 1, 25_;6 (1954).
H. Kitagawa and N, Shibata, Japan Analyst 4, 358-61 (1955).

J. Cheymol and P, Lechat, Ann. Pharm. Franc. 5, 262-5 (1947),

H. M. Walton and C. S. Nevin (to A. E. Stanley Mfg. (o.), Belg. 618, 255 (Nov. 29, 1962).

=
:

B. Hughes (to Petrolite Corﬁ.), U.S. 3,042,609 (July 3, 1962).

'

- 14 -




and TRITON are trademarks of Rohm and Haas Company, Philadelphia,
licy is to register its trademarks
jts subsidiaries or affiliates.

LYKOPON, FORMOPON, PROTOLIN,
or of its subsidiaries or affiliates. The Company’'s po

where products designated thereby are marketed by the Company,

=15 -

43




43

Additional information and samples of products described in this bulletin are available on
request to the sales offices listed below.

ATLANTA, GA. 30326 . HOUSTON,‘TEXAS 77036
. 3400 Peachtree Road, N.E. ’ 6300 Hillcroft Street
404-261-3618 . 713-771-8946
CHARLOTTE, N.C. 28208 KANSAS CITY, MO. 64114
215 Lawton Road _ 1717 West 91st Place
704-399-9705 816-361-7100
CHICAGO, ILL. 60648 ] . LOS ANGELES, CAL. 90022
5750 West Jarvis Avenue (Niles) 1920 South Tubeway Avenue
312-774-9100 . 213-685-5060 '
CINCINNATI, OHIO 45238 PENNSAUKEN, ﬁ.J. 08109
5255 Delhi Pike Cooper Parkway Office Building West
800-523-1740 (Order Placement) North Park Drive and Airport Highway
513-471-1502 (Technical Assistance) 609-662-8660
215-462-3830
CLEVELAND, OHIO 44116 | PHILADELPHIA, PA. 19105
20525 Center Ridge Road Independence Mall West
216-333-0920 . ' 215-592-3143

WELLESLEY, MASS. 02181
40 Grove Street
- 617-235-T134

Printed in U.S.A. .




Detection of Anions wﬂ Silver
Chromate-lmpregnafed Paper

¥

J. G. SABO oy

Active Materials Laboratory, Electric Storago
Battary Co., Belleville, New Jersey -

Silver chromate-impregnated paper has pre-
viously been proposed for the spot test detec-
tion of chloride ion (1, 2). The red color
changes to white with the conversion to
silver chloride. The use of such paper has
now been investigated as a possible ptelimi-

TABLE 1. ANIONS GIVING COLOR ™=
REACTIONS WITH AgiCrO. Paper - .-

fon tested Spot color Lk
N5~ white 16,1
Br~ white Y
cr white ‘2%
OCN~ white 412
CN™ white T TS
$:06% white ) E _2
$:0.%" black® ETY
FelTN)s> yellow . e
Fe{CN)*™ white e
clo™ white 24 ’
I~ white 25
[Fe(CN).(NO)}*~ white %8¢
s i black 0.
SOs*~ white 4.4
S0 white 71
SCN™ white 7.3
$:05%" white . 111

a— Reduction to silver metal. b— Limit
identification in micrograms per 0.04-ml. drop.
¢, d, e, f, and g — Values for KOCN, K&,
Na.S, Na:$:0:, and Na.SOs solns. of pH 103,
11.5, 15.0, 3.0, and 9.1, respectively. Neutraliz:.
tion affords the same test color, but the sensitivi;
is reduced. o

pary test for some common anions. It has
been found that in addition to chloride ion
a color reaction is secured with azide, brc-
mide, cyanate, cyanide, hexacyanoferrate (1I),
hexacyanoferrate (111), iodide, sulfide, sulfitz,
thiocyanate, and thiosulfate ion. The less
common jons pentacyanonitrosylferrate(IIl),
dithionate, dithionite, and hypochlorite also
give positive tests. . ‘

Preparation of Agz:CrOs Test Paper. Immerse 1
in. wide strips of chromatographic paper (e.g,
3MM Whatman) in 0.01Af K.CrO. and dr.
Next immerse the paper in 0.01A1 AgNQO, and
dry. (The deposition of Ag:CrO on the papet
should be as uniform as possible.) Wash the e
sulting paper with mineral-free water, dry, an:
cut into 1-in. squares. Since the paper is weakly
photosensitive, store it in a tightly closed, amber
glass bottle. In 2ll opetations with the paper, us:
tweezers since sufficient szlts are present on the
fingers to yield a positive reaction. .

Tost Procedure. With dilute HNO; or-aq. NI
adjust the test soln. approximately ‘to neutrality,
using universal pH paper or litmus paper. Spot
one drop of the neutral test soln. on a square i
the Ag.CrO. paper. The formation of a whitk.
yellow or black spot constitutes a positive tes
(see Table I for correlation of color with anion):

Discussion & Remarits. Adjustment oL
the test solution to approximate neutrality
is necessary since silver chromate is solubl:
in acids and aqueous ammonia and is con-
verted to silver oxide by alkali metal hy-
droxides. Of the metal ions forming insoi
uble chromates, only mercury and lead intet-
fere. Inorganic anions found not to inters
fere include arsenate, bromate, carbonate of

P10 1))

pydrogen carbonate, ‘chlorate, chlorite, di-
* chromate, ~fluoride, fuosilicate, hypophos-

nitc, iodate, metavanadate, nitrate, pitrite,

? acthophosphate, perchlorate, perrhenate, py-

rophosphate, selenate, silicate, sulfate, tell-
grate, tetraborate, and tungstate. No inter-
ference was found for acetate, benzoate,

" ciurate, oxalate, salicylate, and tartrate. Hy-

Jrogen peroxide gives no color reaction in

the test.
References. (1) Hoogeliet, Pharm. Zentralballe

" 12, 268 (1891); ¢f. “Handbuch der analytische

Chemie”, Springer-Verlag, Berlin, Part 11, Band
vil, (1953), p. 49. (2) Kniga, A. G, Us_:mska a2,
v. L, Trudy Leunigrad. Tekbnol, lnust. Pishehevoi
12, 253 (1955); C. A. 52, 18068 (1958). .
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THE EGRESS OF OXYGEN FROM SHEEP ERYTHROCYTES
AFTER MIXING WITH SODIUM DITHIONITE

JOHN A. SIRS

Department of Physics, St. 'llmy s Hospital Medical Sclmol University of London, Londosn
(Great Britain)

{Received February 24th, 1966)

SUMMARY

Spectrophotometric measurements, using the rapid-mixing technique, have
been made of the initial rate of egress of oxygen from HbOo in sheep erythrocytes
after mixing with dithionite. This rate is 18 sec™! 4~ 209, at 25° and the activation
energy is 14 kcal -+ 20 % for HbB. No variation was found with a change of oxygen
concentration from 0.075-0.35 mM at 10°, nor with a change of Na,5,0, concentration
from 4-12 gfl. The rate of dissociation was found to be greater, during the later part
of the reaction, with the stopped-flow system as compared with the constant-flow
technique. An analysis of the results suggests that the cell membrane has negligible
resistance to the egress of oxygen and that the initial rate is determined by the
chemical reaction of HbO, - Hb. It is also suggested that the internal contents of the
erythrocyte may be effectively mixed.

INTRODUCTION

Recent observations by Sirs!-? on the rate of egress of oxygen from HbO, in
erythrocytes, after rapid mixing and x:20 dilution in an oxygen-free medium, have
suggested that, at least during the initial 15 % of dissociation, the rate is determined
only by the chermical reaction rate. The resistance of the erythrocyte membrane to the
passage of O, was negligible and the diffusion coefficient for O, through the internal
haemoglobin was at least an order of magnitude greater than had previously been
estimated®?. It was not possible with this technique to assess an upper limit to the
diffusion constant and, as has been suggested by PROTHERO ANXD BURTON?, it may be
that the internal contents of the red blood cell are effectively stirred. The calculations
of RoucrTON® however, using the volume of the haemoglobin molecule and the
number of molecules present within the volume of the erythrocyte, suggest that they
are so closely packed together that rotational but not translational motion is possible.
1t would appear that mixing oxygenated cells with a reducing agent, which main-
tained the external oxygen concentration at zero, affords a means of resolving this
question. If, as has been indicated, the membrane resistance is negligible and the
internal contents are efficientlv stirred, when the external oxvgen concentration is
‘zero it must be zero throughout the cell interior also. Under these circumstances no

Biochim. Biophys. Acta, 126 (1966) 28~-36
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EGRESS OF 02 FROM SHEEP ERYTHROCYTES - : 29

chemical back-reaction of O, 4 Hb can occur and the rate would then be limited
only by the chemical rate of dissociation of HbO, {ref. 1).

The data on this process so far reported in the literature®—#, have been obtained
using Na,5,0, and broadly indicate that efficient mixing of the internal contents does
not occur. In detail, however, not one of these publications agrees with another and
in turn they are not consistent with the data obtained by the dilution technique!.
The differences arc most likely to be associated with the use of Na,S,0,, which is
known to react with haemoglobin in solution® !9, though with erythrocytes the cell
membrane is impermeable to dithionite and prevents this?.?!, In the present experi-
ments more thorough controls have been used in an attempt to resolve this problem
and obtain further information about the degree of internal stirring.

METHODS

The rate of egress has been measured spectrophotometrically, by observing the
change of HbO, with time, using the rapid-reaction techniques of SIRs AND ROUGH-
Tox!2, The sheep blood was collected by venepuncture, heparin being used to prevent
clotting. The blood was obtained mainly from a cross-bred Suffolk ram with HbB
(ref. 13), and a few experiments were made with erythrocytes containing HbA from a
Border-Leicester ewe. The whole blood was diluted in a modified form of Ringer—
Locke solution in which the bicarbonate concentration wag increased to buffer the
acidic products of dithionite. The solution with no dithionite consisted of 7.6 g NaCl,
2 g NaHCO,, 0.42 g KCl and 0.24 g CaCl, per . A typical solution with dithionite was
5.36 g NaCl, 2 g NaHCO,, 0.42 g KC], 0.24 g CaCl, and 4 g Na,S,0, per 1. Care must
be taken in making up these solutions to avoid precipitation of CaCO,. This was
accomplished by equilibrating the solution with 3 cm Hg pCO, prior to adding
the CaCl,, all other components having previously been dissolved. For the dithionite
solution, a stock solution, excluding Na,S,0, and CaCl,, was prepared.” A given
volume of this was then de-acrated and equilibrated with 3 ecm pCO, and oxygen-free
N,. Appropriate quantities of CaCl, and Na,S,0, were weighed and placed into a
bottle which was evacuated and to which 3 cm pCO, pressure was then applied. The
de-zerated stock solution was added, care being taken to exclude contamination with
air or oxygen.

The temperature of the reacting mixture was measured to 4 0.2° by a thermo-
couple inserted just beyond the observation point. The pH of the solution was checked
with a glass electrode and standard pH meter. The oxygen concentrations were de-
termined with the Van Slyke gasometric technique. With the dilute cell suspensions
used it was found to be more convenient to centrifuge the red blood cells down and
then measure the oxygen concentration of the supernatant. Checks on this method
disclosed no significant error. Small samples were taken directly from the cell sus-
pensions and centrifuged to ensure the absence of haemolysis. Microscopic examina-
tion was also made in case crenation of cells had occurred.

RESULTS

Though the measurements*of the egress of oxygen from haemoglobin in solution
ire open to criticism, because of the interaction of the products of Na,S,0, and oxvgen

" Biochim. Biophys. Acla, 126 (1966) 28-36
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with haemoglobin, there was reason to believe that this did not occur with erythro-
cytes. The initial observations on the egress of oxygen from the ervthrocytes after
mixing with dithionite were, however, inconsistent, particularly at different wave-
lengths of light absorption. The decisive experiment which resolved this problem was
to mix a 1:100 reduced cell suspension first with de-aerated modified Ringer-Locke
solution and then with a similar solution containing dithionite in the constant-flow
apparatus. With light filters of 432 mp and 480 my, the dithionite-mixed cells
appeared to be more reduced than reduced cells, and with 560 my and 542 my filters
they appeared to be slightly oxygenated. The same difference was obtained at 2 cm
and 15 cm from the mixing point, indicating that this was not a chemical effect.
There was also no possibility of oxygen being present. The discrepancy would appear
to be due to optical inhomogeneities between the dithionite solution and other
suspending media. Measurements made with a spectrophotometer indicated that
dithionite solutions have a small but definite optical absorption relative to water or
Ringer-Locke solution. The addition of oxygen to the solutions increases the dithionite
absorption further. This factor on its own, however, is not sufficient to account for all
the difference observed and it is probable that a change of refractive index is also
involved. Because of this effect, and even with the control precautions given below,
the absolute accuracy of the results is of the order -t 15 % and in some cases + 20°%,.
The relative error between simultaneous experiments involving a single factor such
as oxygen concentration or temperature is 4 10%. Though this is in some respects
unsatisfactory, it may be added that the broad conclusions, based on the dithionite
experiments, are in agreement with the dilution technique?.

Constanit-flow measurement

Once the difference of optical homogeneity of the Na,S,0, solutions was
appreciated, an investigation was made to find under what conditions the effect would
be minimised. No general solution was found that would meet all criticisms. At higher
. cell concentrations, however, the results proved consistent at wavelengths longer than
480 mu. A typical experiment is illustrated in Fig. 1. A rather involved procedure was

BE-i

'
i
i
i

Nt

‘
I
5
1!

i

:

+

T !ll! 1l

=

Fig. 1. Direct copy of the records obtained at (A) 432 my and 480 my and (B) 560 mu and-480 my
with the constant-flow system. Temperature 23°; distance from the mixing point § cm; flow rate
218 cm-sec™!. Sequence of recording (1) x 9 HbO, cells; (2) reduced Hb celis, no Na,;$,0,: (3)
reacting mixture: reduced cells -+ HbO, cells equilibrated with 4em Hg pO,, no N2,5,0, : uptake 0,;
(4) HbO, cells; (5) HbO, cells + reduced cells in a medium containing 3 g/l Na,S,0,: egress 0,:
{6) reduced cells in a Na,S,0, medium; (7) repeat of (s5); (8) outlet flow of (7) suddenly stopped,
giving reacted egress point.
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EGRESS OF 02 FROM SHEEP ERYTHROCYTES ) 31

used to provide a check on the dithionite difference and enable a calibration of
o, HbO, against deflection to be obtained. All the solutions contained red blood cells
equivalent to 1 m! of whole blood in 100 ml of suspension. Four suspensions were
used: (a) reduced cells, 0% HbO,, (b) cells equilibrated with 4 cm partial pressure
air, x % HbO,, (c) cells equilibrated with 4 cm pO,, 100 % HbO,, (d) blood which had
been initially reduced and then diluted with an isotonic solution containing 4 g/l
Na,S,0,. All solutions were equilibrated with 3 cm.pCO, and maintained at pH 7.4.
The exact percentage saturation of the suspension equilibrated with 4 cm air was not
determined, as its function was simply to provide a constant reference between
0-100 % HbO,, in order to check the sensitivity and calibration at different points
along the observation tube. The sequence of the experiment is given in the legend to
Fig. 1. The mixture of oxygenated cells with reduced cells, containing no Na,S,0,,
provided a series of points to determine the initial deflection of the unreacted mixture.
At the end of each series of measurements the outlet was suddenly closed, producing
essentially stopped-flow conditions, so that the reacted base line of reduced cells
suspended in a medium containing the reaction products of oxygen and Na,5,0, could
be compared with the previous deflections for reduced cells with and without dithio-
nite. It can be seen that with the light filter combination of 560 mu and 480 mu these
latter points agree. Similar agreement was obtained in this experiment with 560 mp
and 542 mp filters. However, the third simultaneous experiment at 432 mp and 480
mp revealed the discrepancy due to the presence of dithionite. At a lower dilution
1 part of whole blood in 250, a difference between these three reduced suspensions was
found at all wavelengths. The reaction curves obtained, with 560 mp and 480 mp
filters, at a series of points along the observation tube are shown in Fig. 2. Though the
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Fig. 2. Complete curve obtained at various points along the observation tube from records Fig. 1B
with HbA red blood cells. Initial rate » == 10.7 sec™®. A, 2% (1}; @. (5) and (7); O, uptake
(3); broken curve, egress points calculated on 1009 scale.

Fig. 3. Comparison of the rate of egress for HbA and HLB in erythrocytes, obtained by the
constant-flow, cell-cell procedure at pH 7.4. A, HbB cells, flow rate 232 cm-secTi, temperature
21.4° r = 15. Circles represent results obtained with HbA cells, flow rate 215 cm-sec™?; tempera-
ture 23°%, 7 = 10.7. @, at wavelengths 360 myu and 542 mye; O, at 560 myu and 4So mpu.
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agreement between the deflections of the three reduced suspensions is strong support
for the validity of this curve, it still could be that the optical absorption conditions
are such that the difference balances out under reduced conditions but not with the
oxygenated form. This point, however, is reasonably covered by the agreement be-
tween the initial unreacted point as obtained by extrapolation of the uptake curve
with no Na,S,0, and the egress values. If allowance is made for the difference at
432 my and 480 mp as being due to a physical shift, a correction can be applied to
the 100 %5 HbO, reference points, obtained with a cell suspension without Na,S,0,, to
calculate the egress points. The initial rate obtained is 109, higher than at 480 mp.
and 560 myu. Both HbA and HbLB cells have been investigated, as is shown in Fig. 3.

Stop ped-flow measurement -

In principle the difficulty, in the constant-flow experiments, of measuring the
% HDbO, in the cells using reference suspensions of different optical homogeneity, is
avoided with the stopped-flow procedure. The curves obtained with this method
utilize the same suspension throughout the reaction, and the optical homogeneity of
the suspending media is constant. To check this, measurements were made of the rate
of uptake of carbon monoxide by reduced haemoglobin in erythrocytes in the presence
of Na,5,0,. The dithionite was added first to the modified Ringer-Locke solution
containing CO and mixed with the reduced céll suspension, and then by suspending
the cells in a dithionite medium and using a CO solution without dithionite. In both
cases the initial rate agreed with the previous values reported by Sirs!4. This does not
avoid the possibility of O, and Na,S,0, products interfering with stopped-flow egress
observations, though the constant-flow experiments suggest that this is unlikely. The
major problem with the egress of oxygen experiments, however, particularly as satis-
factory agreement could not be obtained with different combinations of light filters,
was how to obtain a calibration curve of 95 HbO, against deflection. Once Na,S,0,is
added to the solution, as in the stopped-flow reaction, no means exists of obtaining
various constant % HbO, conditions for equivalent calibration. In order to examine
this problem, a series of simultaneous measurements were made at different whole
blood dilutions and wavelengths of light filters as indicated in Fig. 4. The pattern of
this variation does not agree with that obtained in other experiments without
Na,S,0y; in particular the rates obtained at less than 1:200 dilution are normally in

3

Initiol rate (sec™')

(N S S-S S SN S R o

ml whale blood in 1 suspension
Fig. 4. Stopped-flow observations of the initial rate of egress with variation of cell concentration.
Blood taken fromn the same sample as used in Fig. 2, temperature 26°. @, 432 my and 480 my;
O, 560 myu and 542 my.
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close agreement. The extrapolated value must therefore be considered to have a wide
enough error to include the 1:200 values. A relative comparison, however, at the same
cell concentrations and wav elenoths of e.g. temperature or oxygen, should not be so
affected.

The influence of various factors on the rate of egress

\Within the limits of error already discussed, a series of experiments have been
performed to investigate the effect of temperature, oxygen toncentration, Na,S,0,
conceritration and time on the initial rate of egress.

The effect of temperature is shown in Fig. 5. The full line represents the mean
value as obtained by the extrapolation procedure with the stopped-flow apparatus.
The broken curves are the limits of individual values. The higher values were obtained
mainly at wavelengths of 432 mu and 480 my and the lower range with 560. my and
542 mu. The results indicated by open circles were obtained on the same cells and
under similar conditions, starting at 10° and making measurements at roughly 5°
intervals up to 30° over a period of 3 h.

Experiments to investigate the effect of the initial oxygen concentration within
the erythrocyte disclosed no difference. Both at 11° ond 15°, no change of rate was
observed for a change of oxygen concentration from 0.075 mM to 0.35 mM. Less
systematic experiments at room temnperatures (20°-25° indicate a similar independ-
ence. A change of Na,$,0, concentration from 4 g/l to 12 g/l had no significant effect.

The reason \\'hy most of the investigations on the effect of oxygen concentration
were made at 10°~15° was to minimise any possibility that metabolic activity was in-
volved. Unlike the rate of uptake of oxygen, however, which depends on the time
elapsed after withdrawal of the blood sample, no change of the initial 1ate of egress
has been observed over a period of 5 h after collection, between 10° and 25°. Moreover,
the rate of egress does not appear to be dramatically reduced or inhibited at 10°.
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ig. 5. The variation of the initial rate of egress with temperature. O, measurements made on the
une suspension.
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Comparison between stopped-flow, constant-flow and dilution techniques

A further improvement in the stopped-flow system was obtained by combining
the Na,5,0, method with the dilution techniquel. Under these circumstances, im-
mediately after rapid mixing, the Na,5,0, concentration is only reduced from o0.4°,
to 0.38 %, but the external oxygen concentration is physically diluted 1:20. This
means that the initial phase lag of Na,S,0, removing the oxygen is avoided, and the
concentration of O, to be removed, and in turn the acidic by-products formed, are
minimal. A greater measure of agreement was also obtained for light filter combinations
of 432 myu and 480 my as compared with 560 mp and 582 mp. With this more accurate
procedure a comparison was made of the rate of egress using the constant-flow tech-
nique, by the dilution method and Na,S,0, calibration method given above, and the
stopped-flow Na,$,0,/dilution procedure. The results are indicated in Fig. 6. The rate
of egress with the stopped-flow technique follows the chemical rate of dissociation
over almost the complete range. Variation occurs from sample to sample but in general
no fall away is observed before 50 9 desaturation is attained and some reach complete
reduction even prior to the end-point of the CO -+ HbQ, reaction. This latter point is
difficult to prove completely as it is very sensitive to the base line position. Attempts
to obtain reliable data with the stopped-flow procedure, with only dilution of the HbO,
- cell suspension, were not satisfactory due to the slow attainment of the reaction end-
point and the difficulty of ascertaining the % HbO, that this represents.

5" 73 80 80
Time (msec

Fig. 6. A comparison of the rate of egress of HbA cells at pH 7.4 and 22.5° 4 0.5 obtained by the
constant-flow and stopped-flow methods. A, stopped flow; broken curves indicate limit of error
obtained with different light filters and reacted base points. Circles represent constant-flow
measurements. O, dilution only; @, after mixing with Na,S,0,.

DISCUSSION

Consideration of the experimental difficulties of obtaining accurate data when
using Na,5,0, is sufficient to account for the variation between the results of previous

Biockim. Biophys. Acta, 126 (1966) 2836
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EGRESS OF 02 FROM SHEEP ERYTHROCYTES 35

workers. The present results, using the constant-flow technique, are similar to those
obtained by LEGGE AXD ROUGHTON?. An analysis of their results by N1COLSON AND
RouGHTON' suggested that the red blood cell membrane offered no significant
resistance to the passage of Q,. These calculations were made using the half-time for
the dissociation process, but because of the difficulties of calibration the initial rate is
the more reliable experimental factor. Application of the theory of N1coLSON AND

ROUGHTOX suggests that the initial rate would vary as the square-root of the oxygen -

zoncentration. They emphasise, however, the difficulties of applying the analysis to
saturated HbO, conditions. The present experimental data indicate that the initial
rate is independent of the oxygen concentration, as was found with the dilution
technique’. The theoretical approach used in this latter case, which implied that the
initial rate is determined solely by the chemical dissociation of HbO,, would therefore
appear to be more appropriate. Further confirmation is provided by the variation of
this rate with temperature. The activation energy, obtained from the slope of a plot of
log rate against the reciprocal of the absolute temperature is 14 kcal + 209%, as
sompared with the value of 16 keal 4 10 9, obtained previously™.

The slower rate of the constant-flow curves, as compared with the chemical rate
of dissociation, at lower % HbO, values, would suggest that complete stirring of the
internal contents does not occur. The agreement with &, over the initial part of the
turve can largely be accounted for by the velocity constant & rising as [HbO,] falls,
while as [Hb’ increases, &’ falls*. The overall effect is that the chemical reaction terms
balance each other and stay constant. A theoretical analysis of this situation indicates
that the rate of egress would be determined only by the chemical reaction rate
zonstant, though an increase of the diffusion constant is also involved!. A comparison
of the constant-flow system with the stopped-flow system, however, reyeals an inter-
ssting discrepancy. While they agree over the initial region of the decay, the stopped-
flow curve follows the chemical rate, as determined by k,, over nearly the whole
teaction. The curves were obtained under very similar conditions as regards oxygen
concentration, temperature and Na,S,0y,, so that it is not possible to account for this
difference in terms of modification of the chemical factors. It was pointed out by
SIRs AND RoUGHTON', in their original description of the stopped-flow technique,
that the sudden stopping of the solution would be expected to damp down the
turbulent eddies within 1 msec if the flow had been only translatory. This would
reduce efficient mixing between cells and diffusion in the extracellular fluid would
then be a limiting factor. The passive uptake of CO and NO by Hb in erythrocytes
agreed according to both methods during the first 50 msec. This was believed to be
due to the rotational motion imparted by the tangential mixing jets providing an
ancillary source of energy sufficient to maintain a degree of turbulence and mixing
over this period. On the basis of measurements of the facilitated uptake of NO (ref.16)
it was proposed that the flexibility of the cell is involved in its respiratory function.
More recent experiments, utilizing formaldehyde to make the cells inflexible!?, have
confirmed this view. The difference between the egress curves using the constant- and
stopped-flow methods could be due to the nature of the flow interacting with a flexible
unit. Under turbulent conditions, with micro-eddies smaller than the erythrocyte
itseli, considerable surface fluctuation could occur but because of the speed of this

.
R,

" For definitions of these constants, see carlicr papers, e.g. ref. 2.
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process it is unlikely that the cell is completely bent or distorted. In vivo, the flow is
predominantly laminar and considerable changes of shape and flexing of the red
blood cell have been observed. The stopped-flow conditions would more closely
resemble this pattern as the more violent eddies rapidly decay. The results are thus
compatible with more intracellular mixing occurring in these circumstances than had
previously been considered. The flexing of red blood cells has also been shown to in-
duce a degree of turbulence® under laminar conditions and this is probably sufficient
to prevent diffusion in the extracellular fluid becoming a limiting factor. It is not,
however, considered that this implies complete stirring of the internal cell contents in
a literal sense. This process could be more efficiently achieved by the movement of
water’® through a relatively immobile suspension of packed hacmoglobin molecules.
- There is an additional implication that if this interpretation is correct, measurements
obtained under turbulent conditions with the constant-flow system are likely to
underestimate the true rate of transfer. The majority of results previously published
are based on measurements of the initial slope where this factor is neither significant,
nor thought likely significantly to aficct the rates obtained under passive conditions
where the cell is considered inflexible. It is interesting to note, however, that the
rapid uptakes of NOand O,oktained with the constant-flow method show this effect?®,
Even with the stopped-flow system some residual effect of turbulence is probably
present. If, as was indicated in INTRODUCTION, efficient internal mixing occurs, the
‘rate would be determined by k[{HbO,] and £ rises as the oxyhaemoglobin concentra-
tion falls. The dissociation curve would thus be faster during the later part of the
- decay than that given by the rate constant k4. This cannot be decisively answered by
the present experiments. As has been stated previously, it is likely that the red blood
cell functions most efficiently in its natural environment and that the rate of uptake
and egress can be adjusted by hydrodynamic fluctuations of the blood flow to suit
requirements.
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Introduction

o Sodium:ull)ithionite** is the salt of one of a
© group of possibly 12 or more oxy-acids of sulfur.

+

Some of these acids are quite common and others
are less widely known beecause of their instability
oF rare occurrence. A list of the anions of some
of these acids with "their formulae is shown in
Table 1. -~

TABLE I

LIST OF FORMULAE OF THE ANIONS OF SOME

OXY-ACIDS OF SULFUR

Formula : Name
=80, , Sulphoxylate
=80, ; Sulfite
=850, . Sulfate

o ==80r £ _ Thiosulfite*
o =85:0a . .« Thiosulfate

- =80 .+ - Dithionite
=8.0s . Pyrosulfite
::.'S,-Oq. . ) Dithiunate
=800 Pyroszulfate

e e R e T e

*Unstable; known only in form of esters.

From the position of the dithionite anion in this

" {abulation it is seen that it is closely related to

pyrosulfite, the cormmon «“metabisulfite” (KMS)
which is widely used in the fermentation indus- .
tries. Pyrosulfite i3 formed by hcating the acid
sulfite (— HS0,) s, to drive off a molecule of water
forming (= 8,0;).0n solution in water the pyro-
sulfite anion (S.0;), rehydrates and reverts back
to sulfite.

_ While the formulae of dithionite and pyrosulfite
indicate a close relationship, the properties of the
dithionite anion are strikingly different from
either the pyrosulfite or the sulfite anion. The
dithionite ion is an unusually strong reducing
agont and displays the unique property that when
it is Jdisgolved in an aqueous medium it rapidly
beoeis and combines with molecular oxygen. None
o it other stuble anions of the sulfur-oxy acids
i this property. Neither sulfites nor thiosul-
{0, commonly thought of as reducing agents,
react in this way with oxygen with the order of
mzenitude shown by dithionite.

—_ -~

Saper presented at the Annual Meeting of the
Amavican Society of Brewing Chemists in Minneapo-

lliii" “.nd published in the Procecdings of the Society,

**Sodiuim dithionite is the preferred terminology;

(s)sfg of the names previously used is sodium hydro-
ite, :

»
.

W«\“ l.abs.amm. :
3, Ne.3> (19%0)

The iDithioﬁite——-—Ascorbate Complex as an
-+ Antioxidant for Beer*

TrwIN STONE

Staten Island 8, N. Y.

, As suggested in a recent paper (1), the struc-
ture of the dithionite jon can be regarded as a
pair of S0, units linked by a weak disulfide
(8—S) bond as shown in Figure 1. The reducing
action of dithionite can be visualized as proceed-
ing by the loss of an electron to any suitable
acceptor (oxygen) with the formation of sulfur
dioxide.

Na SO,

Na

50,

Figurc 1
Structural representation of
sodium dithionite.

These properties would seem to make the di-
thionite ion an ideal antioxidant for beer, one

" {hat would rapidly react with dissolved oxygen

and then disappear and leave only traces of sulfur
dioxide in its place. Its value as o beer antioxi-
dant was realized many years ago in a patent
granted to Leo Wallerstein (2). Wide use of this
invention did not ensue following the issuance of
the patent, partly because of Lhe instability of the
dithionite ion in dilute solutions, especially at the
slightly acid pil of beer.

In dilute solutions the dithionite anion tends to
break down with the formation of 80, and a pre-
cipitate of colloidal sulfur and thereby loses its
ability to rapidly combine with molecular oxygen.
1n the course of our work on antioxidants for
beer it was found that the dithionite anion in solu-
tion could be stabilized by the presence of ascor-
bate anions and the loss of its activity and the
precipitation be completely prevented. This sta-
bilization is accomplizhed without any essential
decrease in the speed of the oxvgen removing
capabilities of the dithionite or any effect on the
reducing capacity of the ascorbate. The stabiliza-
tion of the dithicnite in solution by ascorbate now
made possible the utilization in a thoroughly prac-
tical way of the valuable specific antioxidant prop-
erties of the dithionite ion. This is the subject
matter of a recently issued patent (3'.

The effect of the presence of ascorbate iuons on
the stability of dithionite in solution mayv be strik-
ingly demonstrated as follows:— Into each of

191
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Figure 2

Stability of dithionite solutions. Above, immediately
after mixing; below, after 15 min. Left, sodium
dithionite; right, sodium dithionite plus isoascarbate.

twa dry, stoppered 500-ml Erlenmeyer flasks, add
1.2 grams of sodium dithionite. To one of the
flasks add 3.6 grams of sodium ascorbate or so-
dium isoascorbate. Add 300 ml of water to each
flask, swirl to dissolve the salts and then allow to
gtand. In a few minutes the solution containing
only the sodium dithionite will begin to evolve
sulfur dioxide and form a white precipitate of
sulfur, while the solution containing both the di-
thionite and ascorbate will remain unchanged.
This demonstration is illustrated in Figure 2.
Fven under air-free conditions, the solution of
the sodium dithionite alone will be found to have
lost the major portion of its rapid oxygen-combin-
ing capacity, while the solution of the combina-
tion retains its antioxidant properties essentially
unchanged. Evidently there is some interaction of
the dithionite and ascorbates in solution. The
use of the term “complex’ in the title of this paper
refers to this combination.

The course of the reaction between solutions of
dithionite and molecular oxygen appears to be de-
pendent somewhat on the concentration of dithio-
nite, the quantity of available molecular oxygen,
the pH, temperature und other factors. Under the
conditions and concentrations existing in the
treatment of beer, one mole of dithionite combines
with one-half mole of oxvgen according to the fol-
lowing reaction:

N2,8.0, + ¥ Os + H.0 — 2 NaHSO,

DECEMBER 1960

Oxy ren abmrptu,e capactty

In the tests reported in this paper all the yio- -
are based on the use of a mixture containing Y
of sodiur dithionite and 75¢5 of sodium isor ...
bate. Table IT shows the total oxygen comb;-
capacity of the mixture as well as that of it:
vidual components at various levels, The d -
nite’s oxygen combining capacity represen
immediate absorptive ¢ffect on the oxygen pr
in the beer system at the time of the tre..:
and during processing. The absorptive capuc. .
the 1soascorbate, ag given in the table, is n“/'-’nx}\:
for comparison of available reducing capa< .
The ascorbates abhsorb oxygen only slowly. Tt.j;
protective effect on beer is due more to their - 1.
ity to lower the oxidation-reduction potentiai (¢
the beer system to very low levels. Thus the asco.
bate fraction of the mixture would act more as 4
reservoir of reducing effect to counter the aip
entering late in processing or existing in the fiy,.
ished package.

“TABLE 11

A OXYGEN ABSORBING CAPACITY
Na DITHIONITE-Na ISOASCORBATE (25-75)
MIXTURE

stqoh ed 0, Equiv ah:nu;
-Na Dithi- NalIso-
onite ascorbate Tota)
1b/100bb] bbl/ih  ppm ppm ppm P

Treaiment Level

1.5 67 60 1.3 - 3.2 4.5
1.0 100 40 0.9 2.2 3.1
0.8 125 32 - 0.7 1.7 - 24
0.67 150 27 0.6 - 14 2.0

Under usual brewery conditions when the treat-
ment is applied to prefiltered beer early in proc-
essing, the amount of dithionite to be added is in
excess of the amount of dissolved oxygen present
and hence the dissolved oxygen drops to zere
levels. The dissolved oxygen present in the beer
may be conveniently determined by the colori-
metric procedure developed in our laboratories in
1938 (4). The unreacted dithionite excess dous
not quickly disappear in the cold storage beer. Any
excess is therefore available to react with further
introductions of molecular oxygen and this is
more fully discussed in a later section of this
paper.

In case the dissolved oxygen level is higher than
that capable of being handled by the dithionit2,
then the dithionite will reduce the dissclved oxy-
gen level by stoichiometric reaction, and the
effects of any excess oxygen is taken care of by
the reservoir of sodium isoascorbate.

Sulfur dioxide levels

In the reaction of dithionite with the dissolved
oxygen in beer the dithionite anion is converted

_into the bisulfite anion. Therefore slight increases
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in the trace levels of sulfur dioxide existing in
peer can be expected as a result of the treatment.
sulfur dioxide is normally introduced into beer
by the fermentation process. Sulfites also have a
jong tradition of use in the fermentation. indus-
tries. The increases encountered through the use
of dithionite at the recommended treatment levels
‘* pave not resulted in changes in beer character.
Where brewery additions of sulfite are now prac-
ticed, then, in most cases, they can be dispensed
with or reduced when the dithionite is added.

TABLE IIL

SULFUR DIOXIDE CONTENT OF BEERS WITH ADDED
Na DITHIONITE — Na ISOASCORBATE MIXTURES

. “Free” Sulfyr “Total” Sulfur
Treatment level

Dioxide Dioxide
Found Added Found Added

1bs/100 bbl ppm ppm  ppm ppm  ppm

nonc . none 0.3 — 4.8 —

04 16 0.6 0.3 T. 2.4

0.8 32 0.8 ° 0b 9.1 4.3

1.2 48 1.4 1.1 13.1 8.3

1.5 60 1.8 1.5 14.0 9.3

20 80 2.1 1.8 19.4 14.6
Average

1.0 40 — 0.8 — 6.3

Table 111 shows the results of measurements of
the “free” and “total” sulfur dioxide content of
pilot brewery becrs to which the dithionite-iso-
sscorbate mixture was added. The colorimetric
- sulfur dioxide method, as published from our lab-
oratories in 1957 (5), was used for these tests.
For a full discussion of the significance of “free”
and “total” sulfur dioxide in beer, the original
paper should be consulted. In this test an average
increase of 0.8 ppm of “free” sulfur dioxide and
6.3 ppm of “total” sulfur dioxide resulted from
the use of the antioxidant mixture at levels of
40 ppni* The levels of sulfur dioxide drop off on
storage as can be seen from the results in Table
IV. The falling-off is slow but definite and scems
to be accelerated by the presence of the iso-
ascorbate, '

*Fquivalent to 1 1b per 100 barrels.

3
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The dithionite anion in beer

If the level of addition of the dithionite-iso-
ascorbate mixture is such that more dithionite is
added than is stoichiometrically required to react
with the dissolved oxygen at the time of addition,
then excess dithionite anions will be temporarily
present in the beer. These excess anions will be
available for reaction with any further oxygen
that may enter the beer during the processing,
such as in pumping to the bottle shop and filling
into the packages.

The rate of disappearance of the labile dithio-
nite anion in beer has been found to be nicely
adjusted to the usual brewery operating tempera-
ture conditions. The dithionite is reasonably sta-
ble at the cold beer storage temperatures, but
quite rapidly changes to sulfite at slightly higher
temperatures. Thus there can be no possibility
of dithionite residues in the beer following
packaging.

The dithionite anion can be specifically deter-
mined with high sensitivity by its reaction with
certain oxidizing dyestuffs. In a manner similar
to its highly characteristic reaction with molecu-
lar oxygen, it will also react with these dyes to
decolorize them in solution. By careful choice of
dyestuff the procedure can be made selective for
the dithionite anion. Other beer constiluents in-
cluding isoascorbate and sulfites do not interfere.

. Indigo disulfonate is a typical dyestuff that an-

swers these specifications.

The actual procedure of the determination is
quite simple. The beer is sampled under strictly
anaerobic conditions, preferably in a colorless
bottle equipped with a special crown so that the
dye can be injected without unsealing and expo-
sure to air. A known amount of a dilute solution
of the dyestuff is injected and the sample bottle
allowed to stand for about an hour at 30°C. At
the end of this time, the extent of the decoloriza-
tion of the added dye is determined, either visu-
ally by comparison with standards, or by photo-
metric equipment. By adjusting the concentration
of the injected dyestuff, the sensitivity and range
of coverage of the technique can be changed as
required.

TABLE IV

Added

.. Adde Air R e

~vu Dithionite- Content 1

v Tsoascorbate of Bottles Initial month
ppm ml/12 oz ppm ppm
None 1 13 10
40 1 4.6 3.0
None 6 1.2 nil
40 6 5.1 1.0

EFFECT OF STORAGE ON SULFUR DIOXIDE CONTENT OF BEERS

“Free” Sulfur Dioxide

“Total” Sulfur Dioxide

2% 1 2%,
months Initial month months
ppm ppm ppm ppm
0.7 134 8.0 7.3
1.6 19.6 14.0 12.1
nil 115 2.0 2.0

0.2 17.9 8.0 6.1

VOL. XXIII, NO. 82
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TABLE V ;
THE DITHIONITE ANION IN BEER OF DIFFERENT TEMPERATURES
Residual Sodium Dithionite Found
Added* Immediately :
Sodium Storage after After After After After A
Dithionite Temperature Addition 1day 2 days 3 days 1week 3.
Beer ppm C . ppm ppm ppm ppn ppm N
Unpasteurized Prefiltered Beer 7 o
A 29 0 9 8.5 .5 6.5 4.0 N
A 29 10 9 5.0 1.5 0.0 0.0 -
A 29 . 30 9 0.0 00 — . —
B 29 . 0 11 9.0 8.0 6.5 - 5.0 0.
B 29 . 10 11 5.0 15 0.0 0.0 . —
B 29 30 . 11 0.0 0.0 L — — —
C 39 0 14 13.0 110 10.5 7.5 0.5
C 39 10 14 9.0 5.0 0.0 0.0 —
C 39 30 14 0.0 0.0 — — _—
Immediately T
after .
Pasteurized . Pasteurization )
A 29 0.0 0.0
B 29 0.0 0.0
C 39 0.0 0.0

*Added as a mixture of Na Dithionite-Na Isoascorbate (Isona) 25 4- 75.

The results of tests on the disappearance of the
dithionite anion in beer held at different tempera-
tures are contained in Table V. Except at near
freezing temperatures, there is a rapid loss of the
excess dithionite anions in beer. In faet, in order
to have enough dithionite to measure in these
experimental beers, we had to add much more
than would normally be used.

The data of Table V have been used to con-
struct the curves of Figure 3. It appears that the

B B

2

B
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unreacted dithionite in beer has a half-life of
about a week at cold storage temperature (0°C),
At 10°C the half-life is about 1 day, while at
room temperature it is only a matter of hours,
since no dithionite was found after 1 dav at
30°C, the shortest period employed in these tesis,
The temperature of pasteurization rapidly con-
verted the dithionite to sulfite since no dithio-
nite was found in any beer immediately after
pasteurization.

0°C

)
4

TIME IN DAYS

ot -
B
o

Figure 3 -
Average time of disappearance of dithionite anions from beer.
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Effect on beer color

" The dithionite ion has a decolorizing action on
the coloring matter in beer, being much more
effective than other common reducing agents. A_s
a laboratory demonstration of this effect, the di-
thionite-isoascorbate mixture was added to beers
st several levels and the resulting beer color
was determined. These results are contained in

Tuble VL

TaABLE VI )

'EFFECT OF Na DITHIONITE-Na ISOASCORBATE
(25-75) MIXTURE ON BEER COLOR

grge am e e S

Beer Color

195

treatment all of the dithionite was used up react-
ing with the dissolved oxygen and no free dithio-
nite ions were available for reaction with diacetyl.
In large-scale brewery treatments there should be
a corresponding economy of the dithionite ions
making for greater efficiency of diacetyl reduction
at lower treatment levels. When precautions were
taken to avoid contact with air, the laboratory
test results shown in Table VII were obtained.
The diacetyl was determined by the procedure of
reference 6.

TABLE VII

EFFECT OF Na DITHIONITE-Na ISOASCORBATE ON
DIACETYL IN BEER IN LABORATORY BOTTLE TESTS

. Treatment Level
Beer None 80 ppmn

40 pp-x'n 27 ppm
A a1 34 a7 37
B 3.6 .29 3.1 3.2
c “3.1 - 2.6 2.8 2.9
D 2.7 2.2 2.3 2.4

Additional results illustrating the drop in color
values of beers treated under pilot brewery con-
ditions and in large scale breweries will he found
in Tables IX and X.

' Effect on diacetyl
The oceurrence of dincetyl and its effect on beer
-was the subject of a paper presented before this
Seciety in 1952 by West, Lautenbach & Becker
6}, who reviewed the literature and noted the
elose oxidation-reduction relationship between the
relatively inodorous acetyl methyl carbinol and
the stronger butter-flavored diacetyl. These work-
€18 also indicated that the taste threshold for di-
atetyl in beer was about 0.3 ppm. In a second
Paper, Burger, Glenister and Becker (7) found
that exposure to air during processing tends to
bredispose the beer to development of a diacetyl
fiavor, .'ﬂley also showed that treatment of the
:'.Wl‘ \\"Hh active yeast removed the off-taste, pre-
r“’?abl.\' by chemical reduction of the diacetyl.
a:hlt‘ red‘ucin.g ggents potassium metabisulfite and
h:“:l'bf B8, it is stated, were only partly effective
l‘__kl'?‘x wing diacetyl. Packaged beers with low
V'.tes can lose a fraction of their diacetyl

Suring orage,

- “appeared that a strong reducing en-
,!f" "7 lowers the diacetyl content, we tried
site-ascorbate mixture on beers con-
”f 0 vied diacetyl. These tests were conducted
ovatory on 12-ounce bottles of beer and
“‘ h_cmicul determination of the diacetyl
. “‘“> ~lare and after treatment. Our initial
e Te vather negative at low “treatment
drai ,'\.“l‘z. .l.}m} went to levels of about 40 ppm
iy, (;{_ :}\xlcz'tf we foun}d_neurly co_mplete elimi-
Cperin :x"t diacetyl. This we attributed to the

g

I conditions inherent in working with

S gy e .
! Quantities of beer; with the lower levels of

Diacetyl — ppm

Time After NaD- NaD-
Treatment NalsoAA NalsoAA
of Sample Control 40 ppm 27 ppm
24 hours 1.15 0.29 0.51
G days 1.25 0.26 0.45
2 months 1.20 0.02 0.45

TABLE VIII

EFFECT OF Na DITHIONITE-Na ISOASCORBATE ON
DIACETYL IN BEER IN THE PILOT BREWERY

Diacetyl — ppm
NaD-NalsoAA  NalsoAA

Sample Control 65 ppm 32 ppm 80 ppm

Immediately after
addition ) 0.25 0.60 1.00
After filtration, be-
forecarbonation - 0.90 0.25 1.00 1.15
After carbonation 1.05 0.29 0.80 1.35
Bottled
Pasteurized 1.20 0.28 0.80 0.80
Stored 2 weeks 1.10 0.25 0.90 1.30
Stored 4 weeks 1.20 0.30 0.756 0.85

The results of a typical pilot brewery run, in
which high dissolved oxygen levels were encoun-
tered, are given in Table VIII. Taste tests were
also conducted. The samples treated with the di-
thionite-isoascorbate mixture at 65 ppm were free
of the diacetyl off-flavor while the other samples
had a strong diacetyl flavor.

Pilot 'breu;'ery tests

After the initial laboratory development, tests
on the eflicacy of the dithionite-isoascorbate mix-
ture were conducted in our pilot brewery pre-
liminary to large-scale tests in breweries. Our
general procedure was to take regular brewery
beer, just after fermentation (received in half
barrels), transfer it to a tank and determine the
dissolved oxygen content. If too low for the pur-
poses of the tests, the dissolved oxygen was ad-
justed to the desired level by controlled bubbling
of air through the beer. This beer was then trans-
ferred to the 3-gallon storage tanks and the vari-
ous treatments were applied. The dissolved oxy-
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TaBLE IX

"A.;‘}ftc:;Trentmont

RESULTS OF PILOT BREWERY EXPERIMENTS

_._Dissolved Oxygen Content

Examination ¢

_Finished B,

Refore After After ——
Treat- After After Filtra- Carbona- Sultfur
ment 1 Hour 18 Hours tion tion Dioxide
Tl‘eatment ppm ppm ppm - ppm ppm ppm ppm CO]OI‘
Test No. 30
Control 1 — 0.6 0.6 0.7 1.4 0.7 8.0 . 3.0 K
Control II — 0.7 0.7 0.7 1.0 0.6 8.2 3.1 109
KMS (7 ppm S0.) — " 0.6 0.6 0.7 1.3 0.7 14.8 3.0 130
NaD-NalsoAA 80 0.6 0.0 0.0 0.0 0.0 171 2.5 o
NaD-NalsoAA 40 0.6 0.0 0.0 0.2 0.1 1120 2.8 v
Nal)-NalsoAA 27 0.7 0.1 .2 0.5 0.1 11.3 29 l&‘:’
NalsoAA 80 0.6 0.6 0.7 1.0 0.4 8.0 2.8 H
NalsoAA 40 0.6 0.7 0.7 1.1 0.5 7.3 2.9 2
NalsoAA 27 0.7 0.7 0.7 1.0 0.4 8.2 29 3
Test No. 37 ’
Control 1 — .35 0.30 0.30 0.50 0.30 2.5 -3.1 150
Control 1T _— 0.35 0.30 0.30 0.60 © 0.40 2.9 3.1 18““»!1
NaD-NalsocAA 32 0.35 0.0 0.0 0.20 0.10 7.0 2.8 a 5
NaD-NalsoAA 27 0.35 0.0 0.0 0.30 0.15 7 6.3 29 10
NalsocAA 40 0.35 0.30 0.30 0.8) 0.40 3.2 3.0 .
NalsoAA 32 0.35 0.25 0.25 0.60 0.30 24 29 3

gen levels were determined before and after treat-
ment and at intervals during storage. The heers
were then procéssed by our usual pilot brewery
procedure. The finished beer was bottled, the air
contents of the bottles adjusted and after capping,
the bottles were pasteurized. The sample bottles
were then used for various tests.

Table 1X contains results of the dissolved oxy-
gen tests typical of the many runs conducted in
the pilot brewery. The addition of the dithionite-
isoascorbate mixture to the beer causes an imme-
diate lowering of the dissolved oxygen content.
Zero levels of dissolved oxygen arve easily attain-
able in the treated beer, depending upon the ini-
tial dissolved oxyvgen levels and exlent of the
treatment. The dissolved oxygen levels of the
beers treated with the dithionite-isouascorbute
mixture remain at lower levels than the corre-
sponding controls throughout the entire cellaring
and processing operations. The pilot filtration pro-
cedure permits some pickup of air, as can be seen
by the increases noted on the “after filtration”
samples.

A substantial drop in the dissolved oxygen con-
tent is noted in all the samples after carbonation.
This is due to the particular conditions operating
in our pilot carbonating cquipment, where a
rather prolonged carbonation and blow-off tends
to sweep out the dissolved air. The beers treated
with the isoascorbate alone show dissolved oxygen
contents similar to the controls because the ascor-
bates absorb oxygen only slowly. The isoascor-
bate, of course, has retained its reducing activity
when admixed with the dithionite as is evidenced
by the low ITT values of the treated beer.

Included also in the tabulation are the results of
the examination of the beers for “total” sulfur
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dioxide, ITT and color. The “total” sulfur dioxjps
content of the beer increases in proportion to ths
amount of dithionite added. 40 ppm of 25.73
sodium dithionite-sodium isoascorbate mivtyr
will theoretically raise the “total” sulfur disyice
content by 7 ppm. This is a maximum level o5 1he
amount found by analysis of the beers is generaljv
slightly less than this. ’

The storage stability of the enzymatically c¢hii.
proofed pilot beers as measured by the rate of
development of chill haze is dependent on the
exposure to oxygen during processing, the alr
content of the finished package and the level of
treatment. When the exposure to dissolved oxygen
is kept at a minimum and the “packaging” air is
kept very low, there is some improvement in
storage stability between the treated and the v
treated controls. As the exposure to oxidative cun-
ditions in processing increases or the air levelin
the package ,goes up, there is correspondingiy
greater improvement in the physical stability of
the treated bottles as compared with the contic’s.
Figure 4 shows the typieal ctirves of the ¢hill bu:
development in beers having about 0.4 ppm of
dissolved oxygen in storage and in one caze alic.t
0.5 ml, in the other 3 to 4 ml of “packaginy” &
per bottle. In these pilot experiments the chia
proofing treatment was used at marginai Joviis
to give a rather poor storage stability in the pres
ence of air so that results will be available witho.
waiting for unduly long periods of time. Thops
tions of the various curves are thereforc ¢oF
relative, thus the absolute values per unit tin?
interval should be disvegarded as this will ¢
depending upon innate chillproofness of the p=¥
ticular samples. In the graph, a control untre* i
sample is compared with a dithionite-isoascoria’®
treatment at 32 ppm and an isoascorbate trects
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Figure 4

< E ' Pilot brewery tests.

-

Mment it 40 ppm. 1t is scen that the overall effect of Increasing the levels of the treatments would, of
the two levels is about the same, indicating a  course, result in flatter curves and produce more
8reater efficiency for the combination treatment. stable beers. .
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TABLE X
RESULTS OF BREWERY EXPERIMENTS
Dissolved Oxygen Content Examina&&{ rf
- ©After ____Finished Ko
Treat- Before Treatment Storage Storage Final T s e
ment Unfil- Prefil- Tank, Tank, Filtra- Bottling Sulfur
Added tered tered Initial 7 Days tion Tank  Dioxide
Brewery ppm ppm Ppm ppm ppm ppm ppm ppm ITT [T
A None 0.0 0.70 0.8 085 — 100 200 30 .,
A 40 0.50 0.65 0.00 0.00 — 0.20 12 0 b
B None 0.15 - 0.50 0.90 1.20 — 1.70 -1 500 -H
B 40 0.15 0.50 0.00 0.10 — 0.20 6 0 40
C None 0.30 — 0.45 0.65 — 0.70 15 800 o
C 27 0.30 — 0.00 0.00 — 0.10 19 0 3y
D None 0.20 0.20 0.30 0.40 0.5 - 0.60 25% 200 3
D 27 . 0.20 0.20 0.00 0.10 0.1 010 18 0 5

*KMS added to control beer; omitted in treated beer.

Large-scale brewery tests

A number of large-scale brewery tests of the
sodium dithionite-sodium isoascorbate treaiment
have been made to obtain confirmatory data under
practical operating conditions. The treatment was
added by preparing a concentrated solution in a
mixture of cold water and beer or cold beer at
about one and one-half gallons per pound of mix-
ture. We prefer to have beer present in this con-
centrated solution because of the surface cover of
beer foam which forms and proteets the solution
from eontact with air. The treatment was applied
to the prefiltered fermenter beer on its way into
storage. The concentrated solution was either pro-
portioned into the beer lines as the storage tanks
were being filled (the preferred method) or the
concentrated solution was added through the man-
hole of the tank into a deep layer of beer in the
tank and the manhole closed and the heer imme-
diately started running into the tank. The concen-
trated solutions were prepared immediately be-
fore use” to avoid loss in activity due to contact
with air while awaiting addition to the beer.
When a proportioning device was used, its setting
was adjusted so that the full charge of the con-
centrated solution was completely added to the
tank in the first 15 to 30 minutes of flow. The cur-
rents caused by the beer entering the tank later
were depended upon to form a homogeneous solu-
tion. Samples for dissolved oxygen determinations
were taken at various points in the processing
sequence. Typical results of these tests are shown
in Table X.

Inspection of the dissolved oxygen test results
shows that rapid and efficient removal of the dis-
solved oxygen is obtained on the storage beer as a
result of the treatment. The treated beers will
also enter the packaging lines with substantially
lower dissolved oxygen than the corresponding
controls.

The analysis of the fininshed beers shows the

*A covered stainless steel mixing tank was used.
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slight increases in sulfur dioxide lévels as a yesy)
of the treatment, except in the beers from brey.
eries A and D where KMS was used in the co).
trols and omitted in the treated runs: The level
of KMS addition was that normally used aud re.
sulted in higher levels of SO, than that oblained
with the dithionite-iscascorbate treatment. Sjp.
nificant differences were also obtained in the 1.';‘_17*
and the beer color; lightening of the leer coiu}
results from application of the dithionite-izogs.
corbate treatment.

Stahility of the beer as regards chill haze dn
velopment and desirable flavor retention is de.
pendent. on many factors. These are sometimes
difficult to control and replicate under brewery
operating conditions. In general the storage sta-
bility results on chill haze development followed
the same pattern shown for the pilot brewery
beers with the exception that the untreated con-
trols were more chillproof than those shown in
Figure 4. As the air levels in the package in-
creased, the treatment shows up more effectively,
While most breweries try to hold their package
air levels at low values, a certain percentage of
bottles or cans slip by with higher than desired
air contents. It is for this group of packaged beer
that the treatment is especially valuable.

Taste tests conducted on the samples from these
practical brewery tests by brewery personnel, “ex-
pert” panels at our laboratory and a “consumer”
type panel composed of our office and laboratery
personnel satisfied us that the treatment produced
no immediate off characteristics in the beer flover.
Further tests on the beers after storage of the
samples indicated less rapid taste changes in the
treated samples with a preference for the trealcd
samples by the “consumer” type panels. The evi-
dence of the taste tests from our “expert” tast?
panel consistently showed the treated samples 1
be less “harsh,” being variously described 23
“softer, smoother and well rounded.” Especialif
because of the limnitation in panel size, there could
be no justification for statistical evaluation here
of such indications.
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Summary

Sodium dithionite is the salt of one of the group

*of oxy-acids of sulfur that includes sulfite, sulfate,

thicsulfate and pyrosulfite (KMS). It has the

~unique property in solution of rapidly reacting

with dissolved oxygen. Its aqueous solutions re-
quire stabilization to prevent loss of activity and

precipitation of celloidal sulfur. This can be ac--

¢earlished by the presence of ascorbates. The
misture of sodium dithionite and sodium isbas-
corbate i3 used as an improved antioxidant for

© Leer.

When sodium dithionite-sodium isoascorbate is
added in the brewery during processing, complete
reroval of ihe dissolved oxygen results. The di-
thienite is converted to sulfite in reacting with
the molecular oxvyren. When the mixfure contains
25% of sodium dithionite and is used at a level of
46 ppin, the increasc in “free” sulfur dioxide is
emall and variable, depending on the complexing
power of the beer (usually less than 2-3 ppm);
the “total” sulfur dioxide is increased by about
6 or 7 ppm.

Because of the instability of the dithionite ion
in beer at above freezing temperatures, no dithio-
nile i3 found in the finished packaged beverage.
\When the dithionite ion has disappeared, there is
tiil a reservoir of isoascorbate availahle for fur-
ther antioxidant effect in the beer.

Results of pilot brewery and large-scale brew-
ery tests are given and discussed. The dithionite
inn hag a strong eifect in lightening the color of
the heer. It also reacts with diacetyl to give re-
action products free of odor and any perceptible
faste. v
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[Résumé]

Le Dithionite-Ascorbate Complex comme
“Antioxydant pour la Bieére.

Le dithionite de soude (hydrosulfite de soude)
est le sel d’un des groupes d’oxy-acides du soufre
qui comprend le sulfite, sulfate, thiosulfate et
pyrosulfite (KMS). Il a la propriété unique en
solution de réagir rapidement avec l'oxygéne dis-
sous. Les solutions aqueuses nécessitent la sta-
bilisation pour prévenir la perte d’activité et la
précipitation de soufre colloidal. Ceci peut étre
réalisé par la présence d'ascorbates. Le mélange
de dithionite de soude et de isoascorbate de soude
est utilisé comme un antioxydant amélioré de la
bidre. )

Quand on ajoute du dithionite de soude-isoas-
corbate de soude en brasserie pendant la fabrica-
tion, on obtient une totale disparition de 'oxygéne
dissous. Le dithionite est converti en sulfite par
la reaction avec Poxygéne moléculaire, Lorsque le
mélange contient 259, de dithionite de soude et
est utilisé au taux de 40 ppm, 'augmentation en
bioxyde de soufre “libre” est petite et variable,
sclon le pouvoir complexant de la biére (générale-
ment moins de 2-3 ppm); le bioxyde de soufre
“total” est augmenté de 6 4 7 ppm.

A cause de I'instabilité de Vion dithionite dans
la bicre a des températures plus élevé que le point
de congélation, on ne trouve pas de dithionite dans
la boisson finie et soutirée. Lorsque ’ion dithionite
a disparu, il y a toujours une réserve disponible
d’iseascorbate pour assurer dans la biére l'action
antioxydante ultérieure.

Les résultats d’essais en brasserie-pilote et en
brasserie industirielle sont donnés et discutés.
L’ion dithionite a un effet marqué dans la décolo-
ration de la biére. Il réagit également avec le
diacetyl pour donner des produits exempts d’odeur
ou de guelque goGt perceptible.

[Resumen]

El complejo ditionite-ascorbato como un
antioxidante para la cerveza,

El ditionito de sodio (hidrosulfito de sodio) es
la sal de un miembro del grupo de los oxiicidos
del azufre que incluyve a los sulfilos, sulfatos, tio-
sulfatos v pirosulfitos (KMS). Tiene la singular
propiedad de reaccionar ripidamente en solucién
con el oxigeno disuelto, La solucién acuosa nece-
sita estabilizarse para evitar una pérdida de acti-
vidad y precipitacion de azufre coloidal. Esto se
puede realizar en presencia de ascorbatos. La
mezela del ditionito de sodio c¢on ascorbato de
sodio se emplea como un antioxidante mejorado
para la cerveza.

Cuando se afiade ditionito de sodio-isoascorbato
de sodio en la cerveza duranie el proceso, se
obtiene una remociéon completa del oxigeno di-
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suelto. El ditionito se convierte en sulfito al re-
accionar con el oxigeno molecular. Cuando la
mezcla contiene 257, de ditionito de sodio y se
emplea en la proporeiéon de 40 ppm., ¢! aumento
de biéxido de azufre “libre” es pequeno y vari-
able, dependicndo del poder de la cerveza para
formar complejos (generalmente es menor de 2-3
ppm ; el bioxido de azufre “total” se aumenta de
667 ppm.

A causa de la inestabilidad del ién ditionito

en la cerveza a temperaturas sobre el punto de con-

[Zusammenfassung] 3

Der Dithionit-Ascorbat-Komplex als Antioxydans fiir Bier.

Natridmdithionit (Natriumhydrosulfit) ist das
Salz einer der Gruppen der Oxysiiuren des Schwe-
fels, zu der Sulfit, Sulfat, Thiosulfat und Pyrosulfit
gehoren. In Losung verfiigt es tiber die einzigar-
tige Eigenschaft, mit geldstem Sauerstoff schr
schnell zu reagieren. Seine wisserigen Lisungen
miissen stabilisiert werden, damit ein Verlust an
Aktivitit und ein Ausfillen von kolloidalem
Schiwefel verhindert wird. Dies ldsst sich mit Hilfe
von Ascorbaten erreichen. Die Mischung von
Natriumdithionil und Natriumisoascorbat wird

., als verbessertes Antioxydans fir Bier verwendel.

Wird Natrinmdithionit-Natriumisoascorbat in
der Brauerei wihrend der Bierbereitung zuge-
fiigt, so wird der geloste Sauerstoff vollstiindig
entfernt. Durch die Reaktion mit molekularem
Sauerstoff wird das Dithionit in Sulfit umgewan-
delt. Wenn das Gemisch 25¢. Natriumdithionit
enthilt und in einer Menge von 40 mg/1 ange-
wendet wird, ist die Zunahme an “freiem” Schwe-
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gelacion, no se encuentra ditionito en la hijg,
terminada y envasada. Cuando ha desapariig,
el i6n ditionito, todavia gueda una reserva de @ .
ascorbato disponible para un efecto antinxii. ..
posterior en la misma cerveza.

Se proporcionan los resullados de las -
hechias en planta y en grande escala en cerves
El ion ditionito tiene un fuerte efecto en ¢
nuir el color de la cerveza. También reaccio
el diacetilo para dar sustaneius sin olor y 5,
ceptibles al sabor,

BN

+

feldioxyd klein und verdnderlich, und zwar i,
Abhingigkeit vom Komplexbildungsvermégen des
Bieres (in der Regel weniger als 2 bis 3 mg. 1.
der “Gesamt”’-Schwefeldioxydgehalt wird um et\\'a'
6 oder 7 mg/] crhéht. . -

Auf Grund der Instabilitit des Dithionit-Tong
im Bier bei hoheren als Gefriertemperaturen wipg
im abgefiillten Getriink kein Dithionit mehr g
funden. Wenn das Dithionit-Ion verschwunden ist,
dann steht immer noch ein Reserveoir an Isoasecor.
bat zu weiterer antioxydativer Wirkung im Bier
zur Verfligung.

Es werden die Ergebnisse von Versuchen in dop
Versuchsbrauerei und im Grossbetrieb wieder.
gegeben und besprochen, Das Dithionit-Ton hat
einen starken Einfluss au{ die -Aufhellung der
Bierfarbe. Es reagicrt mit Diacetyl unter Bilduug
von Verbindungen, die ohne Geruch und frei von
irgendeinem wahrnehmbaren Geschmack sind.
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